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RI EXECUTIVE SUMMARY 

Environmental Science & Engineering, Inc. (ESE) performed an investigation of the Q Area 
Drum Storage Yard (QADSY) as the initial phase of a Remedial Investigation/ Feasibility 
Study (RI/FS) under contract number N62470-D-90-7661 for the United States Navy, Atlantic 
Division, Naval Facilities Engineering Command (LANTNAVFACENGCOM). The purpose 
of the RI was to characterize the geologic setting of the site. identify the nature and extent of 
contamination, and identify the impact on or threat to human health and the environment. 

Background 

The QADSY is located on the Sewells Point Naval Complex on the Norfolk Naval Base 
(Figure ES-l). It was created by a fill operation in the early 1950s and was used as a 
disposal area for dredged materials from Willoughby Bay. The site is currently a relatively 
flat fenced area, paved with crush-and-run gravel, and bounded by asphalt parking lots to the 
north and west. 

The QADSY has been in use since the 1950s. Tens of thousands of drums containing 
solvents, oils, lubricants, paint thinners, pesticides, and acids have been stored there since that 
time. Throughout its history, the northern portion of the site was used to store damaged and 
leaking drums. 

Since 1982, a number of investigations and reports have been conducted and prepared under 
various Navy programs to assess the nature and extent of contamination and contaminant 
migration. 

Scope of the Remedial Investigation 

RI activities began in August 1990 and continued through May 1995. The RI included 
surface and subsurface soil, groundwater, sediment, and surface water investigations. 

Initially, surface soil samples were collected at two intervals from 36 borings within and 
adjacent to the QADSY (ES-2). A total of 48 samples from 24 of the borings were analyzed 
for volatile organic compounds (VOCs) and total petroleum hydrocarbon (TPH), 41 for 
toxicity characteristics leaching procedures (TCLP) metals, 18 for semi-volatile organic 
compound (SVOC) extractables and pH, and 5 for total organic halogens (TOX). Samples for 
the remaining 12 borings were analyzed for full toxic characteristic leachate procedure 
(TCLP) parameters. 

Based on the findings of the initial sampling effort, 16 soil samples were collected for 
analysis from eight power-drilled auger borings in December 1992. Subsurface soil samples 
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were collected from two intervals (3 to 5 feet and 5 to 7 feet) to determine the vertical and 
lateral extent of TPH contamination in the onsite soils. 

Additional sampling effort included collecting 19 subsurface soil samples in May 1995, 15 of 
which were used to determine the lateral extent of TPH contamination. The four remaining 
samples were analyzed for VOCs, SVOCs, pesticides/poiychIorinated biphenyls (PCBs), 
inorganic compounds (IOCs), and cyanide (Figure ES-2). 

Ten shallow wells and eight deep wells were installed within and adjacent to the QADSY 
(Figure ES-3). The deep wells were installed to test the deeper aquifer zone. No confining 
layer was encountered between the shallow wells and the base of the deep wells, indicating 
that the shallow and deep wells are hydraulically connected. 

‘4 total of 16 monitor wells were constructed of 2-inch inner diameter (ID), flush joint, 
threaded polyvinyl chloride (PVC) well screen. riser. and casing. The other two wells (SW-3 
and DW-1) were constructed of 6-inch ID, flush joint. threaded PVC well screen, riser. and 
casing. 

Each shallow well was sampled at the top of the screen (10 to 15 feet from topographic 
surface) and near the base of the well screen (25 feet) for VOCs, TPH, and pH. Samples for 
IOC analysis were also taken from the 25-foot interval in SW-l, SW-2, SW-3, SW-4, SW-5, 
and SW-S in October 1990 and the three existing wells GW-1, GW-3, and GW-4 in January 
199 1. DW- 1 and DW-2 were sampled from the 35- to 40-foot interval for VOCs and pH in 
October 1990. Additional well sampling was performed with the same procedures as above. 
Samples for IOCs were collected in October 1992 from the shallow and deep intervals in SW- 
2, SW-5, SW-8, DW-1, and DW-2. Samples for trichloroethene (TCE), tetrachloroethane 
(PCE), and 1,2-dichloroethene (DCA) were collected in January 1993 from the shallow and 
deep intervals at SW-9, SW-IO, and DW-8 and the deep intervals at DW-3 through DW-7. 
Baker Environmental collected groundwater samples from DW-3 through DW-8, SW-9, and 
SW-10 for VOCs, SVOCs, pesticides/PCBs, IOCs, and cyanide. 

A total of 66 groundwater samples were collected from 18 locations using the hydropunch 
sampling technique in December 1992 (Figure ES-3). The samples were analyzed for TCE, 
PCE, and DCA using a Photovac field gas chromatograph. At least two hydropunch samples 
were collected at each location. Groundwater samples were collected at IO-foot intervals 
beginning at 15 feet below surface. Hydropunch samples were collected until contamination 
was below detection limits or two consecutive samples were at or below 5 micrograms per 
liter @g/l) for all compounds. 

Sediment soil samples were collected to determine if surface contamination travels directly 
into the storm drain that eventually reaches the Elizabeth River. Two sediment samples were 
collected in the storm drain south of monitor well SW-4 (SD-l) and north of the trailer 
(SD-2) (Figure ES-2). The samples collected from the storm drains were analyzed for full 
TCLP parameters. 

2 
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One background surface water sample was collected from the Elizabeth River between, Piers 
10 and 11 west of the QADSY in October 1992 and analyzed for IOCs. 

Tidal influences were considered for the hydraulic calculations due to the proximity of the site 
to Willoughby Bay. Two wells (SW-6 and SW-8) were monitored to calculate tidal influence 
on water table fluctuation. “True” drawdown in the observation wells was calculated by 
compensating for tidal fluctuation. 

In-situ rising and falling head permeabilities (slug) tests were carried out on eight wells to 
evaluate the hydraulic conductivity of the aquifer. In addition, a 72-hour aquifer drawdown 
test was performed to assess additional aquifer parameters such as transmissivity and 
storativity. A groundwater model was performed using data from the slug tests and pump 
test. 

Geologic and Hydrogeologic Assessment Results 

The QADSY is located within the Atlantic Coastal Plain Physiographic Province. Two major 
geologic formations underlie the site. The Lynnhaven Member of the Tabb Formation is 
characterized by gravels, sands, silts, and clays with some shell fragments; it is heterogeneous 

n and approximately 20 feet thick. The Yorktown Formation is characterized by gravels and 
thick shell beds and ranges from 300 to 400 feet thick. A confining layer does not ex:ist 
between the two formations at the site; it appears to be eroded from meandering of the 
Elizabeth River. 

Specifically, the site is underlain by yellow-brown, gray, and black silty sands with shell 
fragments. (The uppermost deposits are most likely representative of the fill operation used to 
create the site, rather than the Tabb Formation lithology.) Brown to black clay lenses are 
encountered in some of the borings 20 to 30 feet below surface. 

During the RI, only one aquifer was penetrated at the QADSY: an unconfined water table 
aquifer situated within the fill deposits and deposits of the Tabb and Yorktown formations. 
Groundwater flows west across the site, and the hydraulic gradient is shallow, averaging 
0.0021 foot/foot (ft/ft). Aquifer recharge is by infiltration in areas where pavement is absent, 
and possibly by regional flow within the base. The aquifer tests indicated that the water table 
aquifer has an average hydraulic conductivity of 11 feet per day @t/day), a transmissivity of 
1362 square feet per day (sf/day), and a specific yield of 0.03 17. 

The City of Norfolk prohibits the use of the Columbia (unconfined) aquifer for potable water 
for private or pubiic supplies. Potable water is supplied by the City of Norfolk. The 
Yorktown aquifer is adjacent to the Elizabeth River and Willoughby Bay and is not potable 
because it is brackish. 

3 



REVISED DRAFT FINAL 5913-ESNAVFAC - QADSY Final RI.4 
396 

Aquifer Testing and Groundwater iModeling 

Aquifer Pump Test Results 

A 72-hour aquifer pump test was conducted between 29 January and 1 February 1991. 
Monitor well SW-3 was pumped at a constant rate of 5.2 gallons per minute (gpm), 
generating a constant drawdown of approximately 10 feet. The water levels were recorded in 
six monitor wells (SW-l, SW-2, SW-4, SW-5, SW-6. and SW-S) and the recovery well (SW- 
3) for the duration of the pump test. 

li large tidal influence was observed at the site, and fluctuation in each well was not constant: 
a mean value for the water level had to be calculated from the water level graphs. 

The pump test provided useful data concerning hydraulic conditions. The data were input into 
AQTESOLVB (a hydraulic software package for time versus drawdown in confined and 
unconfined aquifers, developed by Geraghty & Miller. Inc.) under the assumption that an 
unconfined aquifer is present beneath the QADSY. The results showed a higher-than- 
expected transmissivity (T) and a hydraulic conductivity (K). The specific yield (S,), 0.0317, 
also does not appear to be representative of the aquifer. Because K and T do not appear to 
accurately represent the aquifer, ESE conducted slug tests on wells SW-l, SW-2, and SW-4 
through SW-8 to further evaluate T and K values to be input into the groundwater model. 

Slug tests performed on 20 March 1991 were used to determine aquifer hydraulic conductivity 
and transmissivity. Average T and K data calculated from the slug test were 1362 sf/day and 
11 ft/day, respectively. Continuous water level data were collected at DW-1 and SW- 1 
between 9 December 1992 and 12 January 1993. 

Additional, simultaneous water level data from the National Oceanic and Atmospheric 
Administration (NOAA) tide station at Sewells Point were obtained for comparison. Plotting 
the two water level signals indicates a distinct correlation. The results of the two data sets 
analyzed indicate that a maximum correlation occurs when the tide signal is advanced 50 
minutes. This indicates that the peak groundwater potentiometric level occurs approximately 
50 minutes after high tide. 

Head differences were also calculated for the two data sets. The difference in elevation 
between Sewells Point tidal values and DW-1 was calculated. Positive values represent tidal 
elevations higher than groundwater elevations. A mean value of -1.9 feet resulted for the 
month of data, suggesting a net negative influence of the tide on the groundwater at the site 
and a net positive gradient toward the Elizabeth River and Willoughby Bay. The effect would 
be to allow dispersal of the local groundwater to the surrounding surface water. Gradient 
magnitudes depend on the proximity of the local water body and the phase of the tide. 
Assuming a minimum distance to Willoughby Bay of 900 feet to the southeast and the mean 
hydraulic head of 1.9 feet, the gradient is 0.0021. 
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An additional data set consisting of the tidal heights and a piezometer installed in the 
submarine sediments was collected from 13 to 22 January 1993. The potentiometric head 
difference of the surface water to the piezometer height was very low. It can be assumed, 
however, based on the seaward gradient and piezometer/river head difference, that the local 
groundwater is discharging into the surrounding surface waters. 

Groundwater Modeling Results 

ESE used MODFLOW (McDonald and Harbaugh, 1988), a three-dimensional groundwater 
flow model, and INTERTRANS, a three-dimensional transport model, to determine if 
contaminants are entering the surface water body of Elizabeth River. 

The area is bounded by the Elizabeth River on the west, Willoughby Bay on the east, and 
Bunker Hill Taxiway on the south. The flow system has been conceptually characterized as a 
two-layer system separated by a semiconfining layer. Model input included boundary 
conditions to represent the Elizabeth River, the bulkhead along the 
Elizabeth River, Willoughby Bay, and recharge to provide a water source for the model. 

Site-specific aquifer parameters were calculated from a series of slug tests and an aquifer 
pump test. Aquifer parameters have also been established from regional information collected 
by the USGS (Hamilton, 1988). The site-specific and regional data were used as initial model 
input values for hydraulic conductivity and transmissivity. 

Based on the calibration process, the hydraulic conductivity of layer 1 was set as a uniform 
value of 10.9 ftiday and the thickness was set at 50 feet. The use of 10.9 ft/day is reasonable 
as a value for hydraulic conductivity for both the Columbia and Yorktown aquifers from the 
slug test data and from regional information. The calibrated transmissivity of layer 2 was 548 
sf/day. The leakance value between layers 1 and 2 was set at 0.055 per day. 

A potentiometric surface for the modeled area was established from the previous groundwater 
investigations. The elevation of this surface ranged from approximately 2 feet above mean 
sea level (msl) in the vicinity of the QADSY to approximately 0.5 foot above msl near the 
Elizabeth River. Flow is generally to the northwest to the Elizabeth River and northeast to 
Willoughby Bay. 

ESE has developed a three-dimensional particle tracking solute transport model 
(INTERTRANS) that uses the potentiometric “heads” calculated from MODFLOW and tracks 
particles for a specified period of time. The model determined if the contaminants migrating 
from the QADSY to the bulkhead along the Elizabeth River will discharge to the surface 
water (Elizabeth River). 

The 40-year scenario from the INTERTRANS model indicated that particles will move 
horizontally downgradient to the northwest toward Pier 12 and the Elizabeth River bulkhead, 
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dispersing horizontally and vertically to layer 2. The particles will reach the bulkhead and 
migrate down and under the bulkhead to the west of the river. 

Air SparginglSoil Vapor Extraction Pilot Study 

Target Environmental Services conducted two air sparging/vapor extraction (AS/SVE) pilot 
studies in May 1995. The purpose of the AS/SVE was to test the feasibility and obtain 
design data such as soil permeability and radius of influence for an AWSVE system. Soil 
gas and groundwater samples, dissolved oxygen measurements, and groundwater levels were 
collected before, during, and after the AS/SVE pilot tests to measure the effectiveness of a 
potential AS/SVE system. 

Calculated air conductivities ranged from 1.3 X 10T6 to 7.9 X 10e8 cubic centimeters (cm2) at 
the two sites. Permeability values are in the range from 10e6 to 10-l’ cm2 to be hydraulically 
conductive for remediation by vapor extraction. 

The radius of vacuum influence ranges from 21 to 74 feet. The variations in the radius in 
influence appear to be from underground utilities causing variations in the soil permeability. 
The radius of air sparging influence ranges from 20 to 30 feet using at depth between 35 and 
40 feet. Increasing the injection flow could increase the radius of sparging influence and 
effects of VOCs removal. Groundwater sample data indicated a decrease of concentration 
levels. 

The increase of dissolved oxygen and groundwater potentiometric levels also indicated that 
AS/SVE is a feasible remediation technique at the QADSY. 

Contaminant Evaluation Results 

Soils 

The QADSY was divided into five separate parcels for the investigation (Figure ES-3). 

Soil contamination at the site appears to be limited to VOCs and petroleum hydrocarbons. 
Some small-scale SVOC, pesticides/PCBs, and IOC contamination may also be present, but it 
is below applicable TCLP standards or EPA Region III risked-based concentrations. 

VOC contamination is generally at a very low level; the most affected area in terms of 
frequency and concentration of compounds is the Hazardous Materials (HM) Area. One 
sample in the HM Area indicated 32,000 micrograms per kilogram @g/kg) of PCE; however, 
all other HM samples and samples from other areas at the site were below 1000 pg/kg total 
VOCs, and the vast majority were below 100 pg/kg. 

TPH contamination is widespread across the Transit Area (TA), Petroleum Products (PPA) 
area, and HM area. TPH concentrations were detected in only one sample from the Truck 
and Equipment Storage Yard (EY) area. Concentrations ranged from 0 to 4400 parts per 
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million (ppm) across the site. A hydrocarbon that closely matches the referenced standard for 
compressor oil was the most common: lube oil, hydraulic jack oil, and motor oil were less 
frequently detected. More than 50 percent of the samples from the PPA, HM, and TA areas 
exceeded the 100 ppm Virginia Department of Environmental Quality (VDEQ) action levels, 
and 66 percent exceed the 50 ppm VDEQ guideline for disposal of the soil as clean fill. 

Sampling was performed of the 3- to j-foot interval and the 5- to 7-foot interval of the HM, 
PPA, and TA areas of highest TPH concentration to characterize the vertical extent of 
contamination. The results indicated low levels of contamination (between 16 and 47 ppm) at 
these depths from the HM area, below the VDEQ guidelines (50 ppm) for soil disposal as 
clean fill. 

Two site areas (the northern PPA area and the TA) appear to have levels of metais that are 
marginally higher than levels found in the background samples and apparently non- 
contaminated samples from other site areas. None of the soil samples were above applicable 
federal standards using the TCLP extraction method: IOCs were below the RBCs. 

Groundwater 

Analytical data suggest significant onsite and offsite groundwater VOC contamination and to a 
lesser extent, TPH and metals. The analytical data for VOCs in the TA and the results of the 
hydropunch survey in the Fleet Parking (FP) area show no discernable consistency; this may 
reflect past area use for loading and storage where no large, long-term sources were 
developed. 

VOC impact was most severe in the shallow groundwater beneath the HM area and northern 
portion of the PPA area. Total VOC concentrations peaked in SW-2 (7800 pg/l) with 
contamination by PCE, TCE, 1 , 1,l -TCA, 1,2-DCE, 1,l -DCE, 1,l -DCA, carbon tetrachloride, 
and acetone. SW-1 (150 feet to the north) was similarly impacted with a total VOC 
concentration of 3446 pg/l. Shallow wells outside the QADSY (SW-9 and SW-lo) exhibited 
only low PCE and TCE levels. Many of the same contaminants were observed in 
downgradient wells GW-1 and SW-6, but at lower levels. 

Smaller contaminant plumes may have formed beneath the TA, as observed by total VOC 
concentrations in SW-4 and SW-5 (60 and 76 pg/l). No discernible plumes were visible, and 
the pattern likely reflects the use of the TA as an offloading and temporary storage area where 
no long-term sources developed. 

Only very low VOC levels were observed in the deep wells (sample depths between 35 and 
65 feet), indicating that the maximum depth of the contaminant plume may not be much 
greater than the intervals at which the samples were taken. TCE levels were observed at a 
maximum concentration at 35 feet below surface and at a maximum depth of 65 feet. 
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The hydropunch survey presented dispersion of high concentration readings throughout the 
site that suggest many sources of contamination. Two main TCE plumes were observed at 
15, 55, and65 feet from surface. 

The highest TCE concentration was at 35 feet below surface at 1371 ngil (HP-15-35). PCE 
was detected at 15 and 25 feet below surface. PCE was found below the detection limits for 
depths from 35 feet from surface. 

TPH detected in the water samples did not match any of the reference standards or 
“fingerprints” used in the analysis: biodegradation may have altered the makeup of the 
hydrocarbons within the groundwater. Concentrations ranged from 1 ppm to between 1 and 5 
ppm, but only six wells were impacted. Interestingly, none of the wells within the PPA area 
was affected. The VDEQ standard for TPH in groundwater is 1 ppm. 

IOC contamination appeared to be evident during the initial sampling effort beneath the TA 
and northern part of the PPA areas. VDEQ groundwater standards were exceeded for 
cadmium, chromium, and zinc in SW-2. SW-4, SW-5, and GW-4; for arsenic in SW-2 and 
SW-5; and for lead in SW-2, SW-4, and SW-5. SW-5 also exceeded the standards for 
mercury during the second sampling event. DW-3, DW-5, DW-6, SW-9, and SW-10 also 
exceeded the VDEQ groundwater standard for cadmium during the last sampling event. 

Sediments 

Sediment samples were taken on 21 January 1993 from storm drainage conduits in the 
QADSY. When analytical results were compared to the US Environmental Protection 
Agency, Region V guidelines, the sediments are considered moderately polluted for arsenic, 
barium, chromium, and manganese. The sediments are considered heavily polluted for the 
elements barium, copper, iron, lead, and zinc. The sediments do not exceed typical 
concentrations in soils in the eastern United States (Shacklett and Boerngen, 1984), and 
Federal Register Proposed Rules 20 May 1992 for concentration-based exemption criteria for 
hazardous waste listing, and Federal Register 27 July 1990 for corrective action criteria. 

TCLP pesticide/polychlorinated biphenols (PCBs) analysis revealed concentrations of the 
pesticides chlordane and DDT homologues (DDE, DDD). The presence of these pesticides 
was not detected previously in the TCLP analysis run on soil borings from the QADSY, 
suggesting that these contaminants may have originated in some other area of the base. 

Both sediment samples were analyzed for TPH as gasoline and as diesel. TPH as diesel was 
detected at a level of 299 milligramX1ogra.m (mg/kg) in SD-l and 58.3 mg/kg in SD-2. The 
sample from SD-1 exceeds the VDEQ standard for disposal. 

Surface Water 

One surface water sample was collected from the Elizabeth River between Piers 10 and 11 
west of the QADSY in October 1992. The surface water sample was analyzed for IOCs. 
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Only antimony was detected in the filtered and unfiltered samples at a concentration over 
300 pg/l. No standards currently exist for antimony in surface water. 

Risk Assessment 

The Risk Assessment (RA) was generated in accordance with EPA region-wide and Region 
III guidance to assess the potential current and future human and ecological health risks 
associated with potential onsite exposures at the QADSY, assuming no remedial action is 
implemented at the site. The risk results are then used to develop remedial goal objectives 
(RGOs), goals which remedial alternatives strive to achieve considering other factors such as 
feasibility and achievability. 

The RA is comprised of the following six primary components: 

1. Identification of chemicals of potential concern (COPCs) 
2. Environmental fate/transport analysis 
3. Exposure assessment 
4. Toxicity assessment 
5. Risk characterization 
6. Development of RGOs 

Identification of COPCs 
This section identifies the primary site-related COPCs at the QADSY. Based on past site 
operations and disposal activities at the site, the COPCs evaluated in the Human RA (HRA) 
and Ecological RA (ERA) include a subset of IOCs, VOCs, and SVOCs. The data used in 
the RA are taken from ESE and Baker Environmental sampling events (1990-1995) and 
sampling events from a previous contractor (Malcolm Pirnie, 1983-1986). The most recent 
and/or reliable data are used in the calculation of the exposure concentrations for the RA. 
The number of chemicals to be evaluated in the RAs was reduced using 1) EPA Region III 
methodology for risk-based concentration screening, 2) comparison of site and background 
soil concentrations, and 3) a screening for nutritionally essential chemicals. The specific 
COPCs evaluated in the HRA and ERA are presented in Table ES-l. 

In addition, TPH was detected at the site. Although this group of chemicals is useful for 
determining the extent of petroleum-based contamination, a quantitative risk evaluation is not 
performed as TPH represents a large group of chemicals, typically composed of long, 
straight-chain hydrocarbons of relatively low toxicity. However, to provide a conservative 
risk evaluation, the carcinogenic PAHs were used as a surrogate to evaluate TPH. 

Environmental Fate/Transport Analysis 
Chemical fate/transport analysis is an important aspect of the exposure assessment, as this 
analysis describes the mobility of chemicals in the environment and the pathways by which 
these chemicals may migrate to a potential exposure area. This section summarizes the 
physical and chemical properties of the COPCs, the environmental fate processes potentially 
acting on the COPCs, and the contaminant migration pathways potentially associated with the 
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COPCs. Although concentrations of site contaminants in soil and groundwater may be 
reduced by microbial degradation. volatilization, and photolysis, the environmental models 
used at this site indicate that the potential does exist for site chemicals to volatilize into site 
structures and migrate to surface water of the Elizabeth River. 

Exposure Assessment 
The exposure assessment is the cornerstone of the risk assessment process, as this step 
identifies significant human and ecological exposure pathways and population(s) based on the 
environmental fate/transport analysis; determines the exposure concentrations to potential 
receptors; and estimates the magnitude, duration, and frequency of exposure for each 
receptor (or receptor group). The primary exposure pathways evaluated in the HRA and ERA 
are as follows: 

Human Exposure Pathwavs 
Current Worker -- incidental ingestion and direct contact with site soils; inhalation 

of vapors volatilized from groundwater into indoor air. 
Future Worker -- incidental ingestion and direct contact with site soils; inhalation of 

vapors volatilized from groundwater into indoor air. 
Future Residential -- incidental ingestion and direct contact with site soils; 

inhalation of vapors volatilized from groundwater into indoor air. 

Ecological Exposure Pathwavs 
Terrestrial -- ingestion of contaminated fish by great blue heron. 
Aquatic -- exposure to surrounding surface water and sediment by aquatic and 

benthic organisms. 

Groundwater consumption is an incomplete human exposure pathway as the water beneath 
the QADSY site is not potable due to the high salinity of the water. Thus, this pathway, 
under the guidance of State and Federal regulatory agencies, is not further evaluated in the 
RA. However, due to the presence of VOCs in groundwater beneath the site, inhalation of 
VOCs volatilized from groundwater into indoor air is evaluated. 

Due to the lack of exposed soil (the site is gravel-covered and scheduled to be paved) and 
habitat suitable for food and shelter, exposure of terrestrial mammals to soil does not provide 
for any completed exposure pathways and was not quantified in the ERA. 

Toxicity Assessment 
The primary purpose of the toxicity assessment is to summarize the toxicological properties 
of the COPCs and identify concentration levels that are not expected to produce adverse 
effects. A literature and database search was conducted to obtain the toxicological properties 
of the COPCs, including pharmacokinetics, metabolism, acute and chronic toxicity, 
carcinogenic and noncarcinogenic effects on human receptors, wildlife, and aquatic species. 

The primary sources of toxicological data were from EPA-verified references. When an 
appropriate toxicological constant was not identified, current literature was reviewed to find 
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appropriate toxicological data, which were used to calculate dose-response values using the 
methodologies outlined in EPA guidance documents. 

Risk Characterization 
The site-specific human carcinogenic and noncarcinogenic risk estimates are determined 
using the exposure concentrations and factors presented in the exposure assessment along 
with the dose-response information developed in the toxicity assessment. The potential 
carcinogenic risks are compared with the EPA target cumulative risk range of 1 x l@ (1 in 
l,OOO,OOO) to 1 x lOA (1 in 10,000) [NCP, 40 Code of Federal Regulations (CFR) 300, 
430:62]. 

When a cumulative carcinogenic risk (risk associated with exposure to a mixture of 
chemicals) to an individual receptor under the assumed exposure conditions at a Superfund 
site exceeds 10d4, CERCLA generally requires remedial action at the site (EPA, 1991d). If 
the cumulative risk is less than lo”, action generally is not required but may be warranted if 
a chemical-specific standard that is risk based [e.g., the maximum contaminant level (MCL) 
or an ambient water quality criterion (AWQC)] is violated. A risk-based remedial decision 
could be superseded by the presence of noncarcinogenic impact or environmental impact at 
the site as indicated by a hazard index (HI) greater the 1 for human noncarcinogenic 
exposures or an exceedance of an ecotoxicity quotient (EQ) of 1 for aquatic or terrestrial 
exposures. 

Human Risk Characterization Results 
The results of the HRA indicate that the following scenarios exceed either a cumulative risk 
of lo4 or an HI of 1: 

Exposure Scenario Medium 

Future Worker Indoor air 

Future Residential 
(Lifetime) 

Exceedance 

Risk > 1 x lOA 

HI > 1 

Indoor air Risk > 1 x lOA 

cots 

carbon tetrachloride, chloroform, 
1,l -dichloroethene, 
tetrachloroethene, 
trichloroethene, and vinyl 
chloride 

carbon tetrachloride 

carbon tetrachloride, chloroform, 
1,l -dichloroethane , 
1 , 1-dichloroethene, 
tetrachloroethene, 
1 , 1 , 1-trichloroethane, 
trichloroethene, vinyl chloride 
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(Child) Indoor air HI > 1 carbon tetrachloride, 
1 , 1-dichoroethane, 
1 ,l,l-trichloroethane 

Soil HI > 1 thallium 

(Adult) Indoor Air HI > 1 carbon tetrachloride 

Ecological Risk Characterization Results 
Terrestrial--The EQs associated with exposure of great blue heron to site contaminants due to 
ingestion of fish are all less than 1, suggesting that there is low potential for adverse effects 
to the great blue heron due to site-related chemicals in fish caught near the site. 

Aouatic--The EQs for water- and sediment-dwelling aquatic organisms at QADSY are all less 
than 1, indicating that there is low potential for adverse effects to these aquatic organisms. 

RGOs 
The Superfund Amendments and Reauthorization Act of 1986 (SARA) requires that remedial 
actions attain a degree of contaminant cleanup that ensures protection of public health and the 
environment. Thus, the risk characterization results are used to identify whether site COPCs 
need to be reduced to acceptable health-based levels. The acceptable health-based levels are 
referred to as RGOs, which are chemical-specific concentration goals for individual 
chemicals for specific medium and reasonable land use combinations. 

Based on the results of the risk characterization, future worker exposure to indoor air and 
future residential exposure to indoor air and soil resulted in a cumulative risk exceeding 10” 
and/or an HI exceeding 1. However, to provide a complete site analysis, RGOs are 
developed for all chemicals contributing an individual risk of at least 10e6 to a total of greater 
than lo4 or on HI of at least 0.1 to a total HI of greater than 1. 

The site is located in an industrial area, and is intended to remain as such. In addition, the 
site is covered with six to eight inches of gravel and is scheduled to be paved in the near 
future, and the remaining site vicinity is paved. Therefore, although evaluated, exposure to 
soil is unlikely under current and future site use plans, and RGOs for soil are not calculated. 
In addition, while an assessment of residential exposure is performed in the HRA, according 
to discussions with regulatory agencies responsible for the site, it is done only to provide 
perspective on worst-case plausible exposures and will not be used as a basis for remedial 
decisions. In summary, RGOs are derived for the following chemicals to provide risk 
managers with the maximum risk-related media level options on which to develop 
remediation aspects of the Feasability Study (FS): 
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Medium Scenario cots 

Groundwater Future Worker Carbon tetrachloride, chloroform, 
1, 1-dichloroethene, tetrachloroethene, 
trichloroethene, and vinyl chloride 

Future Resident Carbon tetrachloride, chloroform, 
1 , 1-dichloroethane, 1 , 1-dichloroethene, 
tetrachloroethene , 1 , 1,l -trichloroethane , 
trichioroethene, and vinyl chloride 
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Table ES- 1. COPCs Evaluated in the HFL4 and ERA (Page 1 of 2) 

COPC 

m 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Copper 
Iron 
Lead 
Manganese 
Mercury 
Nickel 
Selenium 
Silver 
Thallium 
Vanadium 
Zinc 

HRA ERA 

__ 

Munitions / Nitroaromatic Chemicals 
2,4-Dinitrotoluene 
N-Nitrosodi-N-propylamine 

so 
so 

PAHs 
Acenaphthene 
Benz(a)anthracene 
Benzo(a)pyrene 
BenzofbIfluoranthene 
BenzotghiIperylene 
Benzo(k)fluoranthene 
Chrysene 
Fluoranthene 
Indeno(l,2,3-cdjpyrene 
Phenanthrene 
Pyrene 

Pesticides 
Aldrin 
BHC, beta- 
BHC, delta- 
Chlordane, alpha- 
Chlordane, gamma- 

DDD, PIP’- 
DDE, P,P’- 
DDT, PIP’- 
Endosulfan sulfate 
Lindane 

GW,SE,SW 
GW,SE,SO,SW 
GW,SE,SO,SW 

GW,SE,SW 
GW,SE,SW 
GW,SE,SW 

GW,SE,SO,SW 
GW,SE,SO,SW 
GW,SE,SO,SW 

GW,SE,SW 
GW,SE,SW 
GW,SE,SW 
GW,SE,SW 
GW,SE,SW 

GW,SE,SO,SW 
GW,SE,SO,SW 
GW,SE,SO,SW 

so 
so 

SO 
so 
so 
so 
so 
so 
so 
so 
so 
so 
so 

so 
so 
so 
so 
so 
SO 
so 
so 
so 
so 
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Table ES-I. COPCs Evaluated in the HRA and ERA (Page 2 of 2) 

COPC HRA 

SVOCs, misc. 
Bis(2-ethylhexyl) phthalate 
Butylbenzyl phthalate 
Di-n-butyl phthalate 
Dichlorobenzene, 1,4- 
Dimethylphenol, 2,4- 
Phenol 
Trichlorobenzene, 1,2,4- 

vocs 
Acetone 
Benzene 
Bromodichloromethane 
Carbon tetrachloride 
Chloroform 
Dichloroethane, 1 ,l- 
Dichloroethene, 1,1- 
Dichloroethene, 1,2- 
Methylene chloride 
Tetrachloroethene 
Toluene 
Trichloroethane, l,l,l- 
Trichloroethene 
Vinyl chloride 
Xylenes 

- 

GW,IA 

GW,IA 
GW,IA 
GW,IA 
GW,IA 
GW,IA 
GW,IA 
GW,IA 
GW,IA 

GW,IA 
GW,IA 
CW,IA 

ERA 

GW,SO,SW 
SO 
SO 
SO 
SO 
SO 
SO 

GW,SO,SW 
SO 

GW,SW 
GW,SW 
GW,SW 
GW,SW 

GW,SO,SW 
GW,SO,SW 
GW,SO,SW 
GW,SO,SW 
GW,SO,SW 
GW,SO,SW 

GW,SW 
GW,SW 

SO 

Note: GW - groundwater 
IA - indoor air 
SE - sediment 

SO = soil 
SW = surface water 

- m not a COPC in this medium 

Source: ESE 
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1 .O INTRODUCTION 

1.1 Purpose of Report 

The Superfund Amendments and Reauthorization Act (SARA) of 1986 required each federal 
facility listed on the Federal Agency Hazardous Waste Compliance Docket to follow the rules, 
regulations, guidelines, and criteria established by the Environmental Protection Agency 
(EPA) for the Superfund Program. The Remedial Investigation/Feasibility Study (RI/FS) 
represents the methodology that the Superfund program has established for characterizing the 
nature and extent of risks posed by uncontrolled hazardous waste sites and for evaluating 
potential remedial options. The purpose of this draft RI report is to build on the data. 
collected in previous investigations and to develop an environmental risk assessment (R-4) to 
determine if the site is releasing hazardous substances, pollutants. or contaminants into the 
environment that may require a removal action. 

1.2 Site Background 

The QADSY is located on the Norfolk Naval Base and is part of the Sewells Point Naval 
Complex (Figure l-1). It is located in the northwest corner of the complex, within 1200 feet 
of both the Elizabeth River (to the west) and Willoughby Bay (to the northeast). 

1.2.1 Site Description 

The QADSY was created by a fill operation in the early 1950s and was used as a disposal 
area for dredged materials excavated from the James River, Elizabeth River, and/or 
Willoughby Bay. The site is a relatively flat, open earthen yard covered by crush-and-run 
gravel; it is bounded on the north and west by asphalt-paved parking lots. 

The dredged material may have the potential to contain elevated levels of contamination. 
“Background” areas for the site will have elevated contaminant levels if established from the 
dredged fill area. 

1.2.2 Site History 

The QADSY has been in use since its creation in the 195Os, and tens of thousands of drums 
have been stored at the site since that time (LANTNAVFACENGCOM, 1988). A variety of 
materials were stored in 55gallon steel drums, including petroleum products (such as oil 
lubricants), various organic solvents, paint thinners, and some pesticides, formaldehyde, and 
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acids. Throughout the site’s history, the northern portion of the yard was used to store 
damaged and leaking drums. The site has not been used since 1987: 

During a site visit in June 1990. drum storage occurred in three general areas: 

l Hazardous Materials (HM) Area 
l Petroleum Products Area (PPA) 
l Transit Area (TA) 

These areas are described in detail in Section 3.2. Various products were stored onsite at the 
time of the site visit, including chlorinated solvents. hydraulic fluid, and lube oil. 

1.2.3 Previous investigations 

The Navy Assessment and Control of Installation Pollutants (NACIP) Program was 
promulgated in 1980 to systematically identify, assess. and control contamination from past 
hazardous material operations that pose a potential threat to human health or the environment. 
The Initial Assessment Study (IAS) was conducted as the first phase of the NACIP Program 
to collect and evaluate evidence indicating the existence of pollutants that may have 
contaminated sites at the Sewells Point Naval Complex and that may pose an imminent health 
hazard to people located on or off the installation. The IAS was conducted prior to the 
enactment of SARA, but is considered to fulfill the requirement for each federal facility listed 
on the Federal Agency Hazardous Waste Compliance Docket to perform a Preliminary 
Assessment. 

-- 

The onsite phase of the IAS was conducted in May 1982, at which time the QADSY was 
identified as one of 18 potentially contaminated sites. During the IAS survey, evidence of 
considerable liquid leakage and spillage was noted throughout the site (Figure l-2). In 
particular, the northern portion of the site was used to store damaged and leaking drums. 
Recommendations were made to install and sample (quarterly) three monitor wells; 
recommended analytes included oil and grease, volatile organic compounds (VOCs), 
pesticides, and polychlorinated biphenyls (PCBs). The IAS report (NEESA, February 1983) 
suggested that the wells be located downgradient of the QADSY, with specific attention to the 
leaking drum area. 

Subsequent to the IAS, the NACIP Program was redesigned as the Installation Restoration 
Program (IRP). The terminology and structure of the IRP were changed to conform to that of 
SARA. The RI Interim Report (LANTNAVFACENGCOM, March 1988) was designed to 
verify the existence of contamination, satisfying the site investigation requirement of SARA, 
but it does not meet the full requirements of an RI. The objective was to incorporate the RI 
Interim Report into a completed RI/FS document at a later date. 
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The initial site investigation for the interim RI was conducted in November and December of 
1983. Four monitor wells were installed at that time, and 12 soil samples were analyzed from 
four hand borings, S-05 through S-08 (Figure l-3). A second round of groundwater sampling 
was performed in August 1984. Groundwater samples from the existing wells and 21 soil 
samples from seven locations (S-09 through S-l 5) were analyzed as part of the third round of 
sampling, performed in April 1986. The Navy analyzed eight soil samples in April 1986 
following the groundwater event (Figure l-4); this effort resulted in plans to remove the most 
contaminated soil as part of a 1989 military construction project. Finally, a fourth round of 
groundwater sampling occurred in June 1986. Complete Interim RI analytical results are 
included as Appendix A. 

Soil sampling results indicated elevated levels of trans 1,2-dichloroethene (trans 1,2-DCE) and 
tricholorethene (TCE), particularly in the leaking drum storage area in the northern portion of 
the QADSY (Table l-l). Boring S-06 (in the vicinity of the leaking drums) contained 1100 
to 7000 micrograms per kilogram @g/kg) of trans 1.2-DCE and 16 to 1100 ug/kg of TCE; 
concentrations of both diminished with depth. In addition, concentrations of phenol (3400 
and 2200 pg/kg) and one semi-volatile organic compound (SVOC), phenanthrene (380 pg/kg), 
were detected in boring S-06 (Table I- 1). Phenol concentrations diminished with depth and 
were actually below the method detection limit (BDL) in the deepest (2- to 3-foot) sample. 
Conversely, phenanthrene was only detected in the deepest sample. 

Seven inorganic compounds (IOCs) were detected in the soil adjacent to and outside of the 
leaking drum storage area; specifically, in samples S-05 and S-08 at the 0- to l-foot depth 
only (Table l-l). Three pesticides were detected in samples from boring S-07 at various 
depths. 

Several IOCs were identified in soil samples collected from borings S-05, S-06, S-07, and S- 
08; however, the RI Interim Report only considered the arsenic concentrations elevated. Six 
samples from various locations and depths indicated that the soil was heavily polluted with 
arsenic, according to EPA Region V guidelines (one of the only sources available at the time 
for soil concentration criteria). In addition, five samples indicated the soil was moderately 
polluted, according to EPA Region V guidelines. 

Oil and grease concentrations were elevated in all eight soil samples collected by the Navy in 
April 1986 (Table l- 1). Concentrations ranged from 4120 to 54,100 milligrams per kilogram 
(mg/kg). According to the EPA Region V guidelines, the soil was considered to be heavily 
polluted. 

Groundwater sampling during the interim RI indicated significant concentrations of organic 
constituents in the groundwater below the leaking drum storage area; specifically, monitor 
well GW-01 (Table l-2). No significant organic concentrations were present in wells GW-02, 
GW-03, and GW-04, all hydrogeologically upgradient of the site. In groundwater samples 
from GW-01, trans 1,2-DCE ranged from 5600 to 9000 micrograms per liter (&l) during the 
three sampling events; TCE ranged from 1000 to 6000 pg/l; 1,1,2,2-ten-a-chloroethene (PCE) 
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ranged from 12 to 19 pg/l during two events (it was detected below the detection limit of 125 
ugil during the third event). In all cases, organic concentrations decreased from the initial 
sampling event to the third event. Trans 1,2-DCE and TCE were found in the soils in the 
vicinity of GW-0 1, suggesting that contaminants were leaching from the soil into the 
groundwater. Other organic contaminants detected in soil samples were not detected in the 
groundwater, including phenol, SVOCs, and pesticides. 

Groundwater contaminant concentrations in the interim RI were compared to EPA Drinking 
Water Standards, EPA Water Quality Criteria, and Virginia Department of Environmental 
Quality (VDEQ) Groundwater Standards (Table l-2). The EPA Drinking Water Standards 
were exceeded by vinyl chloride, DCE, TCE, and PCE concentrations; none of the EPA 
Water Quality Criteria for toxicity to aquatic life were exceeded. The VDEQ had no 
applicable standards for organic constituents. 

IOCs were detected in all four wells; arsenic, chromium. and zinc were above the VDEQ 
Groundwater Standards in all wells (Table i-2). Cadmium and lead were detected in three 
out of the four wells (GW-01, GW-02, and GW-03), and mercury was detected in three wells 
(GW-02, GW-03, and GW-04). The RI Interim Report considered these concentrations to be 
artificially high because the groundwater samples were unfiltered. Additionally, the IOCs 
contamination was not considered significant because groundwater is not used as a potable or 
non-potable source in the area. Arsenic was the only IOC contaminant that appeared to have 
migrated from the soil into the groundwater, having been detected in both media. 

Oil and grease concentrations (40 to 110 milligrams per liter (mg/l)) were detected in all four 
wells during the first sampling round (Table l-2). However, subsequent rounds indicated oil 
and grease concentrations below the detection limit of 2 mg/l in all wells except GW-04. 
Concentrations fluctuated from 7 to 6 10 mg/l in GW-04 during the three sampling events. 
Oil and grease concentrations in groundwater were not compared to any standards or 
guidelines in the RI Interim Report. 

The RI Interim Report concluded that the source of the contaminants at the QADSY was the 
leaking and damaged containers, and that organics were leaching from the soil into the 
groundwater in that area. The report suggested that the soil may have been absorbing some 
of the VOCs, but not the IOCs. The need for downgradient wells was discussed, and 
recommendations included installing and sampling three additional nested wells. The report 
also recommended that additional soil samples be collected and analyzed for metals, extraction 
procedure toxicity (EP TOX) characteristics, total petroleum hydrocarbon (TPH), and 
ignitability. Additional suggestions included capping the entire QADSY, if it is determined to 
be nonhazardous, and containing the damaged and leaking drums. 

Following the interim RI, the Navy excavated 750 cubic yards of soil in 1987, as shown in 
Figure 1-5 (LANTNAVFACENGCOM Memoranda, 1987). That portion of the QADSY is 
now paved and used for fleet parking. The contaminated soil was properly disposed of at a 
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permitted sanitary landfill operated by the Southeastern Public Service Authority in Suffolk, 
Virginia. 

1.3 Report Organization 

The remainder of the draft RI report focuses on the present conditions at the QADSY and 
serves as documentation of data collection and analysis in support of the FS. Section 2.0 
outlines the field activities associated with the QADSY investigation. and Section 3.0 
summarizes the physical characteristics of the site determined through the field activities. 
Section 4.0 presents hydrogeological tests and groundwater models. Sections 5.0 and 6.0 
present the results of the site characterization and the contaminant fate and transport, 
respectively. The baseline risk assessment is included in Section 7.0, and Section 8.0 
summarizes the RI. 

1-s 



Table l-l 
Summary of Interim RI Soil Analytical Results 

Analyte S-05 S-06 
&g/kg) 

trans 1,2-DCE BDL 16-l 100 

TCE BDL 1100-1700 

phenol BDL BDL-3400 

Total SVOCs BDL-380 

Total Pesticides BDL BDL 

Navy Soit Samples (mgI&g) 

Range 

oil & grease +120-54,lQO 

BDL = Below method detection limit 
NA = No applicable standard 

EPA Pegion V Guidelines 
s-07 S-08 

Non-Pol!uted Moderately Heavjly 
Polluted Polluted 

BDL-83 BDL NA NA NA 

BDL BDL NA NA NA 

BDL BDL NA NA NA 

BDL BDI.-2 I600 NA NA NA 

3.7-167.8 BDL-800 NA NA NA 

Mean 

24,588 <lOOO 1000-2000 32000 

Note: See Appendix A for complete analytical data from the interim RI 
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Table 1-2 

Summary of interim RI Groundwater Analytical Results 

. . . . VOC, Re$ults (&/I) 

(+g : ‘. ‘. ‘, &q& ., G+q3 GW-04 EPA Drinking EPA’ Water 
Water Standards Quality Standards 

vinyl chloride BDL-24 BDL BDL BDL 2 NA 

trans 1,2-DCE 5600-9000 BDL BDL BDL 0.33 11600 

TCE 1000-6000 BDL BDL BDL 27 45000 

PCE BDL-19 BDL BDL BDL 0.8 450 

!$jC Results tw/!) 

arsenic 

cadmium 

chromium 

lead 

mercury 

zinc 

oil and grease 

“GW-01 ‘GW-02 GW-03 GW-04 VDEQ Groundwater Standard 

BDL-0.20 BDL-0.13 BDL-0.20 BDL-0.50 0.05 

0.01-0.02 BDL-0.02 BDL-0.09 BDL 0.0004 

BDL-0.10 BDL-0.22 BDL-0.45 0.0% 140.00 0.05 

BDL-0.30 BDL-0.23 BDL-0.32 BDL 0.05 

BDL BDL-0.00007 BDL-0.00 1 BDL-0.00078 0.00005 

BDL-0.30 0.04-0.30 BDL-0.40 0.05-0.30 0.05 

(Ii! and Grease Results (mgJ) 

GW-O! GW-02 

BDL-80 BDL-74 

BDL = Below method detection limit 
NA = No applicable standard 

Note: See Appendix A for complete analytical data from the interim RI. 
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2.0 STUDY AREA INVESTIGATION 

2.1 Field Investigation Methods 

The methods employed during the field investigation for the QADSY RI were selected to 
meet the data needs established in the IAS and interim RI reports. An overview of the field 
activities follows, as outlined in the work plan (Environmental Science and Engineering 
(ESE), September 1990) sampling and analysis pian (ESE, November 1993). These methods 
were required to determine if the site is releasing hazardous substances, pollutants, or 
contaminants into the environment that may require a removal action. The work included 
identifying and quantifying pollutant concentrations and contamination extent. 

For the purpose of the field investigation. the QADSY was divided into five areas: 

1. Hazardous Materials area (HM) 
2. Petroleum Products area (PPA) 
3. Transit Area (TA) 
4. Truck and Equipment Storage Yard (EY) 
5. Fleet Parking (FP) west of the QADSY 

The rationale for these categories is explained in detail in Sections 3.1 and 3.2. 

2.1 .I Surface Features 

Surface features of the QADSY were investigated to determine potential contaminant 
migration paths. Photographs taken of the site during the field investigation and sampling 
operations are included as Appendix B. Onsite features such as storm sewers, surface 
topography, obvious spill locations, stained soils, and other specifics were noted in the field 
notebook (Appendix C). 

2.1.2 Contaminant Source Investigations 

A site visit was conducted prior to initiating field activities to determine the nature of 
potential onsite contaminant sources. An ESE representative met with the Navy Engineer-in- 
Charge (EIC) at the QADSY on 15 June 1990 for a walk-through and to discuss the history 
of the site. Drum contents and storage practices were noted, and personnel familiar with the 
site were interviewed to determine the material storage practices through time. 

Soil staining and evidence of spills were noted during the site visit. Sampling locations were 
chosen to randomly cover several typical scenarios found in the QADSY; i.e., obvious spill 
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locations, apparently clean locations, areas proximate to the concrete footings where the drums 
were stored, etc. 

2.1.3 Geological Investigation 

Site geology is required to fully determine the nature and extent of contamination. Field data 
are compared with available resources; this information is vital in determining the geologic 
formations and water-bearing zones underlying the site. The regional geology was determined 
from available information prior to the field investigation (Section 3.5. l), and the subsurface 
exploration was subsequently performed. 

Subsurface exploration consisted of mobilizing a truck-mounted drill rig in September and 
October 1990. Ten borings were advanced using continuous-flight, hollow-stem augers: two 
(DW-1 and DW-2) were advanced to 45 feet, and the remaining eight shallow borings (SW-l 
through SW-S) were advanced to 25 feet. Soil samples were taken continuously to the water 
table, then every 5 feet to the total depth of each boring for ten of the borings. 

Additional subsurface exploration consisted of mobilizing a truck-mounted drill rig in January 
1993. Eight borings were advanced using continuous-flight, hollow-stem augers: two (SW-9 
and SW-lo) were advanced to 35 feet, one (DW-8) was advanced to 40 feet, two (DW-5 and 
DW-6) were advanced to 45 feet, one (DW-7) was advanced to 50 feet, and two (DW-3 and 
DW-4) were advanced to 65 feet. Soil samples were collected continuously from 45 to 65 
feet for two borings (DW-3 and DW-4) located adjacent to the cluster monitor wells. Soil 
samples were collected continuously for the remaining six borings. 

A geologist classified each sample and logged the lithology on boring logs (Appendix D). 
The boring locations are shown on Figure 2-l. 

2.1.4 Surface Soil investigation 

Surface soil properties influence the type and rate of contaminant movement to the subsurface 
and subsequently to the water table. Contaminants that can move through the surface soil and 
the vadose zone may move directly to the water table or may be partially or fully retained 
within the vadose zone to act as continued sources of groundwater contamination. 
Characterizing surface soils can assist in determining contaminant impacts on the groundwater. 

Surface soil samples were collected from 36 locations within and adjacent to the QADSY in 
September and October 1990. Borings TA-1 through TA-5, HM-3, HM-5, and HM-9 were 
advanced using the hollow-stem auger method and sampled with split-spoon samplers (ASTM 
Method D-1586). The remaining samples were collected using a hand auger. A geologist 
classified the soil type at each location and measured the total organic vapor (TOV) using an 
organic vapor analyzer (OVA). 
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Samples were collected from two intervals in 24 of the borings: 0 to 18 inches and 18 to 36 
inches. Composite samples were collected from the 12 remaining borings between 0 and 36 
inches (one sample per boring). Each sample was composited in a decontaminated stainless 
steel container, placed in prelabeled sample bottles, and placed on ice (4°C) in coolers for 
shipment. After soil sampling was completed at each of the 36 locations, the boreholes were 
backfilled with auger cuttings. 

A total of 48 samples from the 24 borings were analyzed for VOCs and TPH, 41 for TCLP 
metals, 18 for SVOCs and pH, 5 for TOX, and 4 for percent moisture in September and 
October 1990. The samples collected from the 12 remaining borings were analyzed for full 
TCLP parameters and were used as a screening tool to determine all potential contaminants 
found at the site. Background samples were collected from two of the monitor well borings: 
BGSS-l-l and BGSS-l-2 were collected from boring SW-S, and BGSS-2 was collected from 
boring DW-2. Six duplicate soil samples were collected from the following locations: HM-4- 
1, HM-1, PP-3-1, PP-14-2. EY-5-2, and EY-7-2. All samples were shipped overnight via 
Federal Express to CEIMIC’s laboratory in Narragansett, Rhode Island. The boring locations 
are shown on Figure 2-2, and Table 2-l summarizes the sampling analysis for each location. 

Baker Environmental, Inc. collected 19 subsurface soil samples in May 1995, 15 of which 
were analyzed for TPH (SS-1, SS-3 through SS-16). The four remaining samples were 
analyzed for VOCs, SVOCs, pesticides/PCBs, IOCs, and cyanide. The samples were ‘analyzed 
by Weston Environmental Matrices, Inc. in University Park, Illinois. 

2.1.5 Subsurface Soil Investigation 

Subsurface soil samples were collected to determine the vertical and lateral extent of TPH 
contamination in the onsite soils. Sixteen soil samples were collected for analytical purposes 
from eight power-drilled auger borings in December 1992. The borings were advanced using 
a 1.5-inch solid-stem auger method and sampled ahead of the augers using a stainless-steel 
thin-walled collection tube and slide hammer attachment. Samples were collected from two 
intervals in the eight borings: 3 to 5 feet and 5 to 7 feet. Each sample was composited in a 
decontaminated stainless steel container, placed in prelabeled sample bottles, and placed on ice 
(4OC) in coolers for shipment. Field duplicates were not collected for the subsurface 
investigation. After soil sampling was completed at each of the eight locations, the boreholes 
were backfilled with auger cuttings. 

The sixteen samples were analyzed for TPH (Table 2-l). All samples were shipped overnight 
via Federal Express to ESE’s laboratory in Gainesville, Florida. The boring locations are 
shown on Figure 2-2. 

2.1.6 Sediment Investigation 
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Sediment samples were collected to determine if surface contamination is traveling directly 
into the storm drain that flows into the Elizabeth River. Two sediment samples were 
collected in the storm drain south of monitor well SW-4 (SD-l) and north of the onsite trailer 
(SD-2). The samples collected from the storm drains were analyzed for full TCLP parameters 
(Figure 2-2). 

2.1.7 Groundwater investigation 

Groundwater quality, site hydrogeology, and hydraulic properties of the aquifer (e.g., yield, 
transmissivity, storativity) were determined to assist in evaluating the extent and degree of 
contamination. Groundwater monitor wells were installed in the 18 borings described in 
Section 2.1.3; well locations were chosen to detect onsite contamination and offsite 
contaminant migration. The wells were placed in successively downgradient positions to 
monitor the potential migration of contaminants from the HM, PPA, and TA areas (Figure 2- 
1). The monitor wells were located by a licensed surveyor (CEGG Partnership) to state 
planar coordinates and top of casing and ground elevations to mean sea level (msl). 
Hydraulic gradient maps were developed by measuring static water levels at each well and 
calculating their elevation relative to msl. Monitor well survey and groundwater levels are 
included in Appendix E. 

Eight deep wells were installed to test the deeper aquifer zone. No confining layer was 
encountered between the shallow wells and the base of the deep wells, indicating that the 
shallow and deep wells are hydraulically connected. 

Sixteen monitor wells were constructed of 2-inch ID, flush joint, threaded PVC well screen, 
riser, and casing. The other two wells (SW-3 and DW-1) were constructed of 6-inch ID, 
flush joint, threaded PVC well screen, riser, and casing. Table 2-2 summarizes the well 
construction for all monitor wells; Figure 2-3 illustrates a typical monitor well 
construction diagram. A sand pack (#2 Morie sand or equivalent) was placed around the 
slotted well screen and extended to approximately 2 feet above the top of the screen A O.Ol- 
inch slotted PVC well screen was used in each well, and a bentonite seal (thickness ranged 
from 1.6 foot to 5 feet) was placed on top of the sand pack. Finally, a grout mixture of two 
parts sand and one part cement, thoroughly mixed with the specified amount of potable water, 
was placed in the borehole to ensure a proper seal. Well construction diagrams are included 
in Appendix F. 

Water and drilling mud were required to install monitor wells DW-1 and DW-2, as a result of 
“running” sands. Water for well installation was obtained from a potable water source (a 
local fire hydrant) selected by the Navy. Because the drilling mud quality was not 
predetermined, a mud sample was analyzed to ensure freedom from contaminants of interest. 
Analyses for the drilling mud are included in Appendix G. 
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All wells were developed following installation to remove fine-grained materials that may 
have entered during construction by removing the well volume three to five times by 
continuous low-yield pumping. All fluids generated from well development were contained in 
Department of Transportation (DOT)-approved 55-gallon drums. Contaminated fluid disposal 
was not within the scope of this project and was the responsibility of the Navy. 

Groundwater samples were collected from each of the 18 new wells and three existing 
shallow wells. To evaluate groundwater quality, the following procedures were used to 
collect the samples: 

1. Samples were collected a minimum of seven days after development to allow 
the wells to reach equilibrium. 

2. Immediately prior to collecting a sample, the static water level was measured 
below the top of the well PVC casing and recorded in the field notebook. 

3. Wells were sampled according to degree of contamination: wells expected to be 
uncontaminated were sampled first, followed by those with potentially i:ncreasing 
levels of contamination. 

4. Prior to collecting a sample, the volume of water in the well casing and annulus 
was purged three to five times until water temperature, specific conduct:ivity, 
and pH had stabilized. The total amount of fluid purged was measured and 
recorded. 

5. Well sampling was performed with a precleaned stainless steel bailer. All 
sampling equipment was decontaminated between sampling events according to 
procedures outlined in the sampling and analysis plan. The bailer was rinsed 
once with well water prior to collecting a sample (the first bail was discarded). 
Each shallow well was sampled at the top of the screen (10 to 15 feet from 
topographic surface) and near the base of the well screen 
(25 feet) for VOCs, TPH, and pH. Samples for PP metals were also taken from 
the 25-foot interval in wells SW-l through SW-5 and SW-8 in October 1990 
and the three existing wells GW-1, GW-3, and GW-4 in January 1991. Wells 
DW-1 and DW-2 were sampled from the 35- to 40-foot interval for VOCs and 
pH in October 1990. Table 2-3 summarizes the sampling analysis from each 
well. 

6. Additional well sampling was performed with the same procedures as above. 
Filtered and non-filtered samples for PP metals were collected on October 1992 
from the top of the well screen and well bottom in wells SW-2, SW-5, SW-S, 
DW-1, and DW-2. Groundwater was filtered in the field using a 0.45-micron 
disposable filter for PP metals. Samples for TCE, PCE, and DCA were: 
collected in January 1993 from top of the well screen and well bottom intervals 
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at SW-9: SW-IO, and DW-8 and the well bottom at DW-3 through DW-7. 
Table 2-3 summarizes the sampling analysis from each well. 

A total of 66 groundwater samples were collected from 18 locations using the hydropunch 
sampling technique in December 1992 (Figure 2-l). A 2-inch stainless steel outer casing with 
a drive shoe containing a 1.5-inch diameter sampling tube was placed inside the hollow-stem 
augers. The sampling tube was hydraulically driven 5 feet below the augers into the 
undisturbed material to the required depth. The sampling port was revealed for approximately 
15 minutes and then withdrawn from the borings. The groundwater samples were placed into 
two clean, prelabeled 40-milliliter (ml) volatile organic containers. 

The samples were analyzed for TCE, PCE, and DCA using a Photovac field gas 
chromatograph. At least two hydropunch samples were collected at each location. 
Groundwater samples were collected at lo-foot intervals beginning at 15 feet below surface. 
Hydropunch samples were collected until the contaminants were found below detection limits 
or two consecutive samples were detected at or below 5 micrograms per liter (l&l). After the 
hydropunch sample was completed, soil cuttings were replaced into the borehole to 1 foot 
below surface and then filled with cement to the surface. 

Baker Environmental collected groundwater samples from DW-3 through DW-8, SW-g, and 
SW-l 0 in May 1995 for VOCs, SVOCs, pesticides/PCBs, IOCs, and cyanide analysis. Prior 
to collecting each sample, the volume of water in the well casing and annulus was purged 
three to five times until temperature, turbidity, and pH had stabilized. The total amount of 
fluid purged was measured and recorded. 

Continuous water level monitoring was conducted at SW-l and DW- 1 to define the tidal and 
recharge influences on the rate and direction of groundwater flow. A pressure transducer was 
installed in two wells (SW- 1 and DW- 1) and connected to a Hermit datalogger to measure the 
potentiometric head. Water level measurements were collected every hour for 34 days. 

Vertical flow regime between the site aquifer and the Elizabeth River was determined by 
temporarily installing a 2-inch PVC piezometer at the end of Pier 11. The piezometer (1 -foot 
screen) was driven approximately 2.5 feet below the stream bottom surface. The volume of 
water in the well casing was purged five times. The development water was discharged 
directly into the Elizabeth River. After the water quality parameters stabilized from 
development, one pressure transducer was installed in the piezometer and connected to a 
Hermit datalogger to measure the potentiometric head. Another pressure transducer was 
placed inside a plastic bucket (with holes) in the river adjacent to the piezometer. The 
purpose of the plastic bucket was to eliminate splashing or moving the pressure transducer, 
resulting in unacceptable data. Readings from the piezometer and river were recorded every 
hour for approximately eight days. The head difference between the piezometer and the river 
was used to determined vertical flow between the underlying aquifer and the river. 
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A constant rate test is the most valuable tool to determine an aquifer’s hydraulic 
characteristics. To determine the performance characteristics and hydraulic parameters of the 
unconfined aquifer, a 72-hour constant rate drawdown test was performed using monitor well 
SW-3. The specific capacity, transmissivity, storage coefficient, and the area of influence 
were determined and are described in Section 4.0. 

A submersible pump was used to withdraw groundwater at a constant rate of 5.2 gpm for 72 
hours, creating a cone of depression within the QADSY. A discharge line connected to the 
pump withdrew the effluent during the testing period. The discharge line was equipped with 
a valve g-ate and an accumulator meter to determine the flow rate and the total effluent 
discharged. The water was contained onsite and treated at the Navy water treatment plant to 
prevent potential groundwater contamination and to eliminate artificial recharge. 

The drawdown and recovery of the pumping well and six shallow observation wells were 
monitored with pressure transducers (5 psi) and recorded at specific time intervals on a 
datalogger. Tidal influences were considered in the-hydraulic calculations due to the 
proximity of the site to Willoughby Bay. Two wells (SW-6 and SW-8) were monitored to 
calculate tidal influence on water table fluctuation. “True” drawdown in the observation wells 
was calculated by compensating for tidal fluctuation. 

Slug tests were also performed on all shallow wells except SW-3. A slug, constructed from a 
lo-foot length of 1-3/8-inch OD, Schedule 40 PVC pipe filled with washed silica sand1 and 
sealed at each end, was lowered into each well to produce an instantaneous rise in the water 
level. Water level recovery over time was monitored using a water level/interface probe. 
Once the water level reached equilibrium, the slug was removed rapidly from the well and the 
recharge was monitored over time using the water level/interface probe. The slug, probes, 
and rope were decontaminated between locations according to the procedures set forth in the 
sampling plan. 

Data files were created from pumping test and slug test data for use with AQTESOLVB, a 
personal computer program to analyze aquifer test data. Aquifer characteristics 
(transmissivity, specific yield, and hydraulic conductivity) were then calculated for the 
unconfined aquifer conditions of the QADSY. 

MODFLOW, a three-dimensional groundwater flow model was used to determine 
groundwater flow lines at the QADSY. The flow lines can be used to interpret pathlines and 
capture zones for predicting the behavior of contaminant plumes under various pumping 
scenarios in the horizontal as well as vertical migration pathways. The model will present the 
interconnection between surface water and groundwater. INTERTRANS, a three dimensional 
particle tracking solute transport model developed by ESE, was used to determine if the 
contaminants migrating from the QADSY will discharge into the Elizabeth River. 

2.1.8 Surface Water Investigation 
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One background surface water sample was collected from the Elizabeth River between Piers 

10 and 11 in October 1992 and analyzed for PP metals (Figure 2-l). Both a filtered and an 
unfiltered sample were shipped overnight to ESE’s Gainesville, Florida laboratory. 

Table 2-l 
Summary of Monitor Well Installation 
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Table 2-2. Soil Analysis Summary 

II HAZARDOUS MATERIALS AREA 

I 
Soil Boring Samples 

I /I 
1 0 to 36” 1 TCLP 11 HM-1 

HM-2 #l 0 to 18” VOCs, SVOCs. TPH, TCLP (metals), % moisture, pH 

HM-2 #2 18 to 36” VOCs, SVOCs, TPH, TCLP (metals), % 
I 
HM-3 #l 0 to 18” VOCs, TPH, TCLP (metals), % moisture 

HM-3 #2 18 to 36” VOCs, TPH, TCLP (metals), % moisture 

HM-4 #l 0 to 18” VOCs, TPH, TCLP (metals). % moisture 

II HM-4 #2 I 18 to 36” I VOCs, TPH, TCLP (metals), % moisture 

HM-5 #l 

HM-5 #2 

0 to 18” VOCs, SVOCs, TPH, TCLP (metals), % moisture, pH 

18 to 36” 
i 

VOCs, SVOCs, TPH, TCLP (metals), % moisture, pH 

HM-6 

HM-7 #l 

0 to 36” 

0 to 18” 

TCLP, TOX 

VOCs, TPH, TCLP (metals), % moisture 

HM-7 #2 

11 HM-8 

1 18 to 36” VOCs, TPH, TCLP (metals), % moisture 
I I --II 
t 0 to 36” ITCLP 

HM-9 #l 

II HM-9 #2 

0 to 18” VOCs, SVOCs, TPH, TCLP (metals), % moisture, pH 
1 I --II 
I 18 to 36” 1 VOCs, SVOCs, TPH. TCLP (metals), % moisture, pH 11 

HM-10 #l 

HM-10 #2 

SB-6 #4 

SB-6 #6 

0 to 18” VOCs, TPH, TCLP (metals), % moisture 

18 to 36” VOCs, TPH, TCLP (metals), % moisture 

3 to 5’ TPH 

5 to 7’ TPH 
I 

SB-7 #4 

SB-7 #6 

SB-8 #4 

SB-8 #6 

3 to 5’ 

5 to 7’ 

3 to 5’ 

5 to 7’ 

TPH 

TPH 

TPH 

TPH 

ss-1 

ss-3 

I 

0 to 18” TPH 

0 to 18” TPH 

2-9 



REVISED DRAFT FINAL 5913-2NAVFAC - QADSY Final RI.2-10 
5196 

Table 2-2. Soil Analysis Summary (Continued) 

SW-l Soil 

SW-2 Soil 

0 to -10 TCLP 

0 to -10 VOCs, TPH, pH 

PETROLEUM PRODUCTS AREA 

Soil Boring Samples 
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Table 2-2. Soil Analysis Summary (Continued) 

PP-11 #l 0 to 18” VOCs, TPH, TCLP (metals), % moisture 

PP-11 #2 18 to 36” VOCs, TPH, TCLP (metals), % moisture 

PP-12 #l 0 to 18” VOCs, SVOCs, TPH, TCLP (metals), % moisture, pH 

PP-12 #2 18 to 36” VOCs, SVOCs, TPH, TCLP (metals), % moisture, pH 

PP-13 0 to 36” TCLP 

PP-14 #l 

PP-14 #2 

0 to 18” 

18 to 36” 

~~~ ~- 

VOCs, TPH, TCLP (metals), % moisture 

VOCs, TPH, TCLP (metals), % moisture 

SB-2 #4 

SB-2 #6 

SB-3 #4 

SB-3 #6 

3 to 5’ 

5 to 7’ 

3 to 5’ 

5 to 7’ 

TPH 

TPH 

TPH 

TPH 

SB-4 #4 

SB-4 #6 

3 to 5’ 

5 to 7’ 

TPH 

TPH 

SB-5 #4 

SB-5 I#6 

3 to 5’ 

5 to 7’ 

TPH 

TPH 

I 0 to 18” 1 TPH 

I 0 to 18” I TPH 

I 0 to 18” I TPH 

I 0 to 18” I TPH 

SS-18 

SW-3 (6”) Soil 

SW-4 Soil 

0 to 18” VOCs, SVOCs, Pesticides/PCBs, IOCs, Cyanide 
. 

Monitor Wjll Samples ‘... .“, 

0 to -10’ VOCs, TPH, TCLP (metals), % moisture 

0 to -10’ TCLP 

SW-4 #l Water I -15’ 1 VOCs, TPH, pH 

SW-4 #2 Water -25’ VOCs, TPH, pH, IOCs 
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Table 2-2. Soil Analysis Summary (Continued) 

TRANSIT AREA 

TA-1 #l 0 to 18” 

Soil Boring Samples 

VOCs, SVOCs. TPH, TCLP (metals), % moisture, pH 

T’A-1 #2 

TA-2 

18 to 36” VOCs, SVOCs, TPH, TCLP (metals), % moisture, pH 

0 to 36” TCLP 

TA-3 #l 

rA-3 #2 

0 to 18” VOCs, TPH, TCLP (metals), % moisture 

18 to 36” VOCs, TPH, TCLP (metals), % moisture 

TA-4 

TA-5 #l 

TA-5 #2 

SB-1 #4 

0 to 36” TCLP. TOX 

0 to 18” VOCs. SVOCs, TPH, TCLP (metals), % moisture, pH 

18 to 36” VOCs, SVOCs, TPH, TCLP (metals), % moisture, pH 

3 to 5’ TPH 

SB-1 #6 

ss-9 

5 to 7’ TPH 

0 to 18” TPH 

ss-10 

ss-11 

0 to 18” TPH 

0 to 18” TPH 

ss-12 

ss-19 

0 to 18” TPH 

0 to 18” TPH 

ss-20 

SW-5 Soil 

0 to 18” VOCs, SVOCs, Pesticides/PCBs, IOCs, Cyanide 

Monitor Wdl Samples 

0 to -10’ TCLP 
I I 

,~UCK/EQUIPMENT~ YARD 
.: 

’ Soil Boring Samples 

EY-1 0 to 36” TCLP, TOX 

EY-2 #l 

EY-2 #2 

EY-3 #l 

0 to 18” VOCs, TPH, TCLP (metals), % moisture 

18 to 36” VOCs, TPH, TCLP (metals), % moisture 

0 to 18” VOCs, TPH, TCLP (metals), % moisture 

EY-3 #2 18 to 36” VOCs, TPH, TCLP (metals), % moisture 

2-12 



REVISED DRAFT FINAL 5913-2/NAVFAC - QADSY Final RI.2-13 
j/96 

Table 2-2. Soil Analysis Summary (Continued) 

EY-4 #l 

EY-4 #2 

EY-5 #l 

EY-5 #2 

EY-6 

EY-7 #l 

EY-2 #2 

0 to 18” VOCs, TPH, TCLP (metals), % moisture 

18 to 36” VOCs, TPH. TCLP (metals), % moisture 

0 to 18” VOCs, TPH. TCLP (metals), % moisture 

18 to 36” VOCs, TPH, TCLP (metals), % moisture 

0 to 36” TCLP 

0 to 18” VOCs, TPH, TCLP (metals), % moisture 

18 to 36” VOCs, TPH, TCLP (metals), % moisture 

BACKGROUND 

BGSS-1 #l 

BGSS-1 #2 

BGSS-2 #2 

Soil Samples 

0 to 18” VOCs, TPH, TCLP (metals), % moisture 

18 to 36” VOCs, TPH, TCLP (metals), % moisture 

0 to 36” SVOCs, pH, TOX 

DRILLING MUD 

Mud Sample N/A VOCs, SVOCs, TPH, TCLP (metals), % moisture, pH; 
TOX 
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q 

Table 2-3. Groundwater Analysis Summary 
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Table 2-3. Groundwater Analysis Summary (continued) 

11 SW-6 1 VOCs, TPH. 

VOCs, TPH, 
pH, 100 

January 1991 

IOCS 

October 1992 January 1993 May. 1995 ‘. 

IOCS IOCS 

IOCS IOCS 

TCE, PCE, DCA VOCs, !SVOCs, 
Pesticides/ 

PCBs, cyanide, 
and IOCs 

TCE, PCE, DCA VOCs, SVOCs, 
Pesticides/ 

PCBs, cyanide, 
and IOCs 
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3.0 PHYSICAL CHARACTERISTICS OF THE STUDY AREA 

The physical characteristics of the study area were evaluated using a variety of office and 
field methods. Topographic and other maps were readily available, as were records 
concerning the local climate, demographics, etc. Field methods were required to investigate 
the geology and hydrogeology of the study area. The methods employed in obtaining the data 
are discussed in Section 2.0. 

3.1 Surface Features 

The QADSY is located in the northernmost portion of the Norfolk Naval Base (Figure l-l). 
The surrounding terrain is flat and even. characteristic of the whole region. The southern 
portion of the site (south of well SW-J) slopes gently from north to south. The average 
elevation of the site is about 10 feet above msl. 

The site area is fenced off from the surrounding parcels of land, with parking lots (asphalt- 
paved) situated to the west and the north. A large aboveground storage tank (AST) fBnn is 
located 600 feet to the northeast, across Admiral Hughes Drive toward Willoughby Bay, 
Large equipment storage areas are located to the east of the main fenced area, including the 
EY area that houses cranes, trucks, backhoes, and other heavy equipment, as well as trailers 
and containers. A Naval Supply Center (NSC) warehouse is situated to the south; paint and 
other supplies are stored there. 

The fenced portions of the site (HM, PPA, and TA) comprise a graveliroadbase-paved area, 
approximately 5 acres in size. Raised concrete slabs protected by wooden frames onto which 
drums were loaded and stored are arranged in parallel rows in the PPA and HM areas. The 
slabs are approximately 18 inches above ground level. Much of the framing wood is in poor 
condition; the wood, concrete, and ground surface of the site were commonly stained to 
varying degrees with a black, presumably petroieum- 
based, product(s). Certain portions of the TA are also heavily stained with oil/grease- type 
compounds. 

The spills in the PPA and HM areas appear to have resulted from slow leaks, presumably 
from ruptured containers stored on the concrete slabs. The spills in the TA appear to be the 
result of one-time spill incidents; one area, to the west of the trailer area, seems particularly 
affected. 

West of the fenced area, the FP consists of an approximately 29-acre asphalt-paved area used 
for fleet parking. Drums were suspected to be stored there, but no visible stains were: evident. 
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3.2 Contaminant Sources 

At the time of the initial QADSY site visit, a large number of 55-gallon drums were stored 
horizontally, above ground. on concrete footings. A number of damaged drums were stored 
in the northeastern corner of the site and appear to have leaked at various times. According 
to onsite personnel, hazardous materials were historically stored in the northern portion of the 
site. 

Soil staining and spills are evident throughout the site and appear to be a source of 
contamination; spillage appears accidental. The drum contents include petroleum products 
(hydraulic fluid, engine oil lubricant), solvents (toluene, 1 , 1,l -trichloroethane (TCA), 
petroleum naphtha), and other materials (methyl isobutylketone (MIBK), cellulose nitrate). 

For the purpose of the RUFS, the QADSY was divided into five areas: 

1. HM: contained hazardous materials such as toluene, MIBK, 1,1,1 -TCA, and 
various solvents. 

2. PPA: contained hydraulic fluid, engine oil lubricant, and other petroleum 
products. 

3. TA: contained various products at different times; used as a staging area for 
drums to be loaded on and unloaded from ships. 

4. EY: contains trucks and heavy motorized equipment. Located east of the 
QADSY fence; however, the footprint of the potential construction extends into 
the area. 

5. FP: suspected historic drum storage west of the QADSY fence. 

Sampling locations were chosen to randomly cover several typical scenarios found in the 
QADSY: obvious spill locations, apparently clean locations, areas proximate to the concrete 
footings on which the drums are stored. locations in the middle of the rows of drums, and 
areas with little to no evidence of traffic. Several sampling locations were selected in the TA 
in a topographically low position so that any runoff percolating into and through the soil 
might be detected. 

3.3 Meteorology 

The climate of the Norfolk area is classified as oceanic (Siudyla, et al., 1981). Temperature 
extremes have ranged between 2°F and 105”F, although the average annual temperature is 
about 60°F. The average annual rainfall is 47 inches and is well distributed throughout the 
year. Annual rainfall has been reported as low as 23.22 inches and as high as 70.72 inches. 
No site-specific meteorologic data were collected during the FUFS field investigation. 
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3.4 Surface Water Hydrology 

Drainage of the site and surrounding area is controlled by man-made structures and features. 
Much of the area is paved, and surface runoff is directed into numerous open storm drains 
that presumably lead directly to the open waters of the Elizabeth River to the west or to 
Willoughby Bay to the north. .No natural drainage features (creeks? marshes, etc.) were found 
on or near the site. 

Precipitation results in significant infiltration in those areas where pavement is absent., i.e., the 
main portion of the QADSY. However, excess runoff from the site during sudden events is 
also collected by open storm drains; at least two such drains were located in the TA, the 
lowest part of the site. 

3.5 Geology 

3.5.1 Regional Geology 

The QADSY is located in the outer Coastal Plain Physiographic Province, characterized by 
low elevations and relief, sloping gently eastward. The Coastal Plain is defined to the east by 
the Atlantic Ocean and to the west by the Fall Line near Emporia, Virginia (Frye, 1986). The 
Coastal Plain is characterized by unconsolidated sediments of Cretaceous, Tertiary, and 
Quaternary ages that dip gently eastward and rest on pre-Cretaceous aged bedrock at a depth 
of approximately 2200 feet. The Coastal Plain of Virginia consists of an eastward thickening 
sedimentary wedge composed principally of unconsolidated gravels, sands, silts, and clays 
with variable amounts of shells. Coastal Plain deposits cover the length of the Virginia 
coastline, extending westward to the “fall line,” where the pre-Cretaceous basement complex 
reaches the surface approximately 80 miles westward (Meng and Harsh, 1988). 

QADSY is underlain by approximately 15 feet of till, as described in Section 1.2.1. The edge 
of the fill is located approximately 2500 feet south of the site (Barker and Bjorken, 1978). 
Below the fill, the QADSY is underlain by the Upper Pleistocene Lynnhaven Member within 
the Tabb Formation (Figure 3-l). The strata consist of fine to coarse sand grading upward to 
sandy and clayey silt. Locally, the base of the unit includes cross-bedded sand and clayey silt 
containing plant material. The member constitutes surficial deposits of broad swales and 
extensive lowlands. The average thickness of the Lynnhaven Member is 20 feet (Mixon, et 
al., 1989). 

Throughout the Coastal Plain, groundwater occurs in the unconsolidated, layered sediments. 
The depositional strata encountered at the site are part of the undifferentiated quaternary 
sediments of the Columbia aquifer. These sediments are primarily Pleistocene and Holocene 
in age, but also include sandy Pliocene sediments along the contact with the underlying 
Yorktown confining unit. The Columbia aquifer is generally unconfined; however, clayey 
sediments within the aquifer may produce local confined or semi-confined conditions. The 
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sediments composing the Columbia aquifer consist mostly of a series of formations resulting 
from Pleistocene marine transgressions (Meng and Harsh. 1988). 

According to Siudyla, et al. (198 l), the aquifer can be used only for lawn watering and other 
similar uses due to water quality limitations. The groundwater commonly has a low pH and a 
high iron content. Regionally, the aquifer has typically been contaminated by: 

l Waste lagoons 
l Landfills 
l - Septic tanks below the water table 
l Municipal sludge application sites 

The City of Norfolk Health Department prohibits the use of the water table aquifer for public 
or private potable water supplies under law ordinance Chapter 46.1, Reference 46.1-5. All 
potable water in the City of Norfolk is supplied by the City of Norfolk. 

The Yorktown Formation underlies the Tabb Formation and is Miocene in age. The unit is 
characterized by coarse sand and gravel beds, and abundant, thick shell beds; the formation 
thickness ranges from 300 to 400 feet. 

The Yorktown aquifer is generally encountered under confined (artesian) conditions; the major 
water-bearing zones are found at depths from 50 to 150 feet (Siudyla, et al., 1981). The 
aquifer is generally separated from the overlying water table aquifer by 20- to 40-foot thick 
confining beds of silt, clay, and sandy clay. Leaky confined conditions are encountered in 
places, and Yorktown recharge commonly occurs through downward leakage from the water 
table aquifer. 

Domestic, public, commercial, and industrial supply wells tap the Yorktown aquifer 
throughout the region; the water quality is generally suitable for potable and most other uses. 
However, high iron concentrations are occasionally noted. and brackish water problems (i.e., 
high chloride content) have also occurred locally. No drinking water wells are used in the 
vicinity of the site. The Yorktown aquifer at the site adjacent to the Elizabeth River and/or 
Willoughby Bay is brackish and not used for potable water (Siudyla, et. al., 1981). The 
Yorktown aquifer discharges into the Elizabeth River and Willoughby Bay. The Elizabeth 
River and Willoughby Bay water is not used for domestic, public, commercial, or industrial 
because the surface water is brackish. 

3-4 



REVISED DRAFT FINAL 5913-3/NAVFAC - QADSY Final RI.3-5 
j/94 

3.5.2 Site-Specific Geology 

The QADSY is underlain by yellow-brown, gray, and black silty sand with shell fragments 
indicative of the fill material that created the site; brown to black clay lenses are rare from 20 
to 30 feet below the ground surface. The water table is approximately 8 feet below the 
surface, and water table elevations range from 2 to 5 feet above msl. Figure 3-2 indicates the 
location of the geologic cross-sections (Figure 3-3), which illustrate the subsurface geology at 
the site as determined from boring logs generated during the RI field effort (Appendix D). 

To confirm the field classifications of the subsoils, four representative soil samples of various 
textures were collected for particle size analysis; the results are presented in Appendix H. 
The subsoil that underlies the QADSY was determined to be sand with minimal amounts of 
silt and clay. The Unified Soil Classification System (USCS) symbol for the amount of 
particles passing through the No. 4 and No. 200 sieves at QADSY is SM. 

Porosity (n) is an additional aquifer characteristic that can be determined from the particle size 
analysis. This is calculated by dividing the total unit volume (VJ of soil into its solid. portion 
(V,) and the volume of its voids (V,) where n = VJV,. The average porosity was calculated 
in the laboratory to be approximately 25 percent. According to Freeze and Cherry (1979), the 
range of unconsolidated sands is between 25 and 50 percent. Therefore, the 25 percent value 
will be used for all groundwater modeling at this site. 

3.6 Hydrogeology 

3.6.1 Groundwater Occurrence 

Available water supplies at the QADSY site and surrounding area consist of that stored in the 
pore space of the underlying sediments. As mentioned in Section 3.5.1, literature confirms 
the presence of two major aquifer systems in the area. The lower system (Yorktown 
Formation) is not confined at the QADSY. Clay was intercepted at the base (20 feet) at SW- 
4 but not in any of the deeper borings, including wells DW-1 through DW-8. The confining 
bed between the Columbia and Yorktown aquifers does not exist at the site; it appears to be 
eroded from channelization and meandering of the Elizabeth River. The Yorktown aquifer is 
not hydraulically separated from the Columbia aquifer at the site. 

The Yorktown aquifer in the area of the site is only used for lawn irrigation. The discharge 
flows to either the Elizabeth River or Willoughby Bay. This aquifer is not used for public 
water supply because the downgradient surface waters (Willoughby Bay and Elizabeth River) 
are brackish and contain high metal concentrations. 

The Yorktown and Columbia aquifers are hydraulically connected at the site, producing an 
unconfined aquifer. Aquifer thickness has not been determined at the site, but appears to be 
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between 85 to 140 feet by incorporating the till (15 to 20 feet) and Tabb (20 feet) and 
Yorktown (50 to 100 feet) formations (Meng and Harsh, 1988). 

Groundwater in the study area is sustained by precipitation, lvhich infiltrates the land surface, 
and by regional flow. Broadly speaking, the unconfined aquifer is recharged by infiltration. 

Recharge by infiltration at the site and surrounding areas is limited to unpaved areas; 
extensive paved areas and man-made drains and culverts control much of the surface runoff. 
The construction and placement of the drainage network may also have profound effects on 
the localized flow in the area: they may be partially permeable and intercept the groundwater 
surface. 

Annual precipitation averages 47 inches; however, much may be lost as runoff to man-made 
drainage ways. Additionally, evapotranspiration may result in a significant loss, despite the 
lack of vegetation at the site. The annual recharge to the water table aquifer is not precisely 
known, but is estimated to be between 12 and 20 inches. 

Groundwater discharge from the unconfined aquifer is thought to be primarily into Elizabeth 
River to the west and Willoughby Bay to the east. However, significant control on 
groundwater discharge and flow patterns (Section 3.6.2) may be exercised by man-made 
drainage culverts that may intercept the water table. 

3.6.2 Groundwater Movement 

Regional steady-state groundwater flow directions (i.e., across the area occupied by the base) 
remain undetermined but would be expected to be northwest. following topography. 
However, because the base is almost completely surrounded by tidal water bodies (the 
Elizabeth River, Hampton Roads, Willoughby Bay, Masons Creek, and Lafayette River), 
which are the likely groundwater discharge areas, recharge undoubtedly results in a more 
complex flow pattern. 

Onsite flow has been assessed from liquid level data collected from the monitor wells 
installed at the site during the field investigation. Only data frc Ii the shallow wells are used 
to evaluate the flow in the water table aquifer. The liquid leveis are included in Appendix E. 

The water table across the site ranges between 3 and 5 feet above msl; the water table 
gradient, thus flow direction, is generally to the west across the site (Figure 3-4). It is likely 
that seasonal fluctuations and man-made drainage influence the flow of shallow groundwater. 
However, the development of a contaminant plume to the west of the most impacted part of 
the site (Section 4.0) indicates that flow to the west predominates. 

Horizontal gradients in the water table aquifer across the site were calculated by dividing the 
head difference between two points on a flow line (perpendicular to a contour line) by the 
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horizontal distance between those points. Ideally, measurements between exact points 
(monitor wells) are used. No two monitor wells are located exactly along a flow line at the 
QADSY. Consequently, the hydrostatic heads and horizontal differences were taken from the 
groundwater gradient maps for 5 October 1990, 29 January 1991, and 19 January 1993. 
Three values were taken from each map corresponding to the north. central, and southern 
portions of the site. A mean value for the horizontal hydraulic gradient was then calculated. 
The mean vaiue for 5 October 1990 was 0.00086 ftift, for 29 January 1991 was 0.00076 ftift, 
and for 19 January 1993 was 0.0006 ft/ft. Horizontal gradient changes can greatly influence 
the groundwater velocity within the aquifer. 

Vertical hydrauiic gradients are calculated using water elevations from adjacent wells screened 
at different intervals within the aquifer using the following formula: 

where Lt = verticai hydraulic gradient (ft/ft) 
h = head difference noted in the two wells 
1 = vertical separation distance, the mid-elevation of the screened area in 

the shallow well minus the mid-elevation of the screened area in the 
deep well 

The vertical gradients were calculated at nested locations S W-8/DW-2 and S W-2/DW- 1 from 
elevations taken on 5 and 17 October 1990, 20 March 1991, and 19 January 1993 and at 
nested location S W-9/DW-5 from elevations taken on 19 January 1993. Calculations are 
summarized in Table 3- 1. 

Positive readings indicate a downward or “normal” gradient exists; negative readings indicate 
an upward gradient. The values obtained range from 0.006 to 0.038 ft/ft. 

An upward gradient was noted in both nested well locations on 17 October 1990. Th.is may 
indicate that the aquifer is subject to fluctuations in pressure over time. The reason for this is 
not known. 

The average linear flow velocity through the aquifer was calculated using the following 
formula: 
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,- 

v = ki - 
n 

where v = flow velocity 
k = hydraulic conductivity 
i = horizontal gradient 
n = effective porosity 

Hydraulic conductivity data were generated from the pump test data and in-situ hydraulic 
conductivity (slug) tests carried out at the site; an average value of 17 ft/day was used. 
Horizontal gradient data are taken from the values calculated earlier in this section. Effective 
porosity was calculated from sieve analysis data. 

Based on the data available. the average linear velocity of the groundwater beneath the 
QADSY is approximately 23 feet per year. A groundwater contour map (Figure 3-4) 
illustrates the flow direction at the site as determined by liquid levels. A groundwater water 
divide located at the western boundary of the QADSY displays groundwater flows from the 
site toward the Elizabeth River. Monitor wells DW-2, DW-4, GW-4, and SW-S are located 
east of the groundwater divide and are considered background wells because they are not 
hydrologically connected to the QADSY wells. 
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Table 3-1. Vertical Component Hydraulic Gradients 
at the QADSY 

Water Water 
Elevation Eievation Vertical 

Above Above Gr&kts 
Date we11 MSL we11 MSL h (ft) 1 (ft) (f@ft), 

1 o/5/90 SW-2 2.87 DW-1 2.47 0.4 22.5 0.017 

1 o/5/90 SW-8 2.90 DW-2 2.41 0.49 21.5 0.023 

10/17/90 1 SW-2 1 2.72 1 DW-1 1 2.81 I -0.09 I 22.5 1 -0.004 

10/17/90 SW-8 2.73 DW-2 2.81 -0.08 21.5 -0.004 

312019 1 SW-8 2.58 DW-2 2.45 0.13 21.5 0.006 

l/19/93 SW-10 3.35 DW-6 3.24 0.11 15 0.007 

l/19/93 SW-9 4.29 DW-5 4.12 0.17 15 0.011 

l/19/93 SW-2 5.20 DW-1 4.41 0.79 22.5 0.035 

l/19/93 SW-8 5.19 DW-2 4.33 0.86 22.5 0.038 
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4.0 AQUIFER TESTING AND GROUNDWATER MODELING 

This section includes the procedures and results of the aquifer testing studies. Continuous 
water level monitoring was conducted for one lunar cycle to define tidal and recharge 
influences on the potentiometric surface. Results are included in this section. An analysis of 
the vertical relationship between the groundwater and surface water is also included. The data 
from a 72-hour aquifer drawdown and slug tests were included in the groundwater flow 
model, which was developed to simulate contaminant transport at the site. 

4.1 Aquifer Pump Test 

A 72-hour aquifer pump test was conducted between 29 January and 1 February 1991 to 
provide parameters such as hydraulic conductivity (K), transmissivity (T), and specific yield 
(SY). The pump test involved withdrawing groundwater from monitor well SW-3 at the 
maximum sustainable yield of the well. This induced a drawdown in the pumping well and in 
surrounding observation wells, which was recorded with Envirolab dataloggers and pressure 
transducers. 

Prior to initiating the pump test, static groundwater water levels were monitored for 
24 hours to observe background conditions at the site. Data for the static levels and pump 
test were recorded using pressure transducers connected to an eight-channel data logger. The 
pre-test also examined the dependability of the pressure transducers. 

A large tidal influence was observed at the site, and fluctuation in each well was not constant. 
Manmade drainage ways may allow tidal recharge at a greater rate than if the aquifer was 
recharged naturally. Tidal fluctuations in excess of 0.2 foot were not uncommon. 

SW-3 was pumped for 72 hours at a constant rate of 5.2 gpm creating a drawdown of 
approximately 10 feet. The water levels were recorded in six monitor wells (SW-I, SW-2, 
SW-4 through SW-6, and SW-S) and the recovery well (SW-3) for the duration of the pump 
test. The locations are shown on Figure 4-1. After the test was complete, groundwater levels 
were recorded for an additional five hours to evaluate aquifer recharge. Groundwater level 
measurements of the six observation wells were recorded and plotted in Figures 4-2 through 
4-7. Due to the large tidal influence, a mean value for the water level had to be calculated 
from the water level graphs. 

Although the six observation wells appeared to show a groundwater drawdown, the wells did 
not appear to recover when pumping ceased. The maximum drawdown versus distance riom 
the pumping well for each of the observation wells is presented in Table 4-l. A correlation is 
apparent between the drawdown and the distance of each observation well from pumping well 
SW-3: the closer the observation wells, the greater the drawdown observed. The relationship 
does not hold true for observation wells SW-2 and SW-5. 
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The data were inserted into AQTESOLVO (a hydraulic software package for time versus 
drawdown in confined and unconfined aquifers, developed by Geraghty & Miller, Inc.) under 
the assumption that an unconfined aquifer is present beneath the QADSY. The results showed 
T at 3000 sf/day and K at 24 ft/day. The specific yield (S,), also appears to be representative 
of the aquifer with a value of 0.0317. Because K and T db not appear to accurately represent 
the aquifer. ESE conducted slug tests on SW-l, SW-2, and SW-4 through SW-S to further 
evaluate T and K values to be input into the groundwater model. 

4.2 Aquifer Slug Test Results 

Slug tests performed on 20 March 1991 were used to determine aquifer hydraulic 
conductivity. Only recovery is recorded during this test, so it does not rely on observing 
drawdown in monitor wells. This is particularly useful in cases where the hydraulic 
conductivity is low or monitor wells are a distance from the pumping well (as is the case at 
the QADSY). 

The slug tests were performed by displacing a known volume of water (approximately 
1 gallon) from each of the shallow 2-inch observation wells (SW-l, SW-2, and SW-4 through 
SW-S) and recording groundwater recovery level over time. Groundwater data were plotted 
in semilog plots of time versus drawdown to calculate IS and T for the groundwater model 
(Figures 4-8 through 4-14). 

The Bouwer and Rice (1976) method is currently the best method for interpreting data 
acquired from slug tests. This method appears most applicable for the unconfined aquifer 
found at the QADSY, where the well is surrounded by a sand pack and the screened interval- 
is above the groundwater surface. However, comparable results have been obtained using the 
Hvorslev method (195 1). 

The slug test basic theory dictates that there is an exponential decrease (or increase) in 
drawdown during a slug test as a function of time. Thus, a plot of the logarithm of 
drawdown versus time should yield a straight line that is a direct function of the hydraulic 
conductivity (Hvorslev, 1951). In practice, however, a significant departure from linearity 
generally occurs after a short time interval due to the effects of the sand pack and other 
factors (Bouwer and Rice, 1976). Consequently, it is critical that accurate and precise data 
are acquired at the beginning of a slug test. Calculations of K and T are found in Section 
4.3. 

4.3 Bouwer and Rice Method 

The basic equation for evaluating time-drawdown data with the Bouwer and Rice method is: 

K= _ rP2 In (Re/r,) A-In yo- 
2 Le t Yt 
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Where: K = hydraulic conductivity 
rc = radius (feet) of the well casing 
L, = length of screened interval (feet) below the groundwater surface 
t = time (minutes) 
R = effect radius 
r,V = horizontal distance 
y0 = drawdown at time zero 
yt = drawdown at time t 

The value for the dimensionless parameter In (R&-J obtained from Bouwer and Rice is 
essentially a function of the screened interval ratio to the sand pack radius. In the absence of 
other information, ESE has assumed the saturated aquifer thickness is 
50 feet, 5 feet below the deepest well drilled. Choosing a saturated thickness greater than the 
well screened interval decreases the value of In (R&J, and therefore the hydraulic 
conductivity. The value of rc (0.083 foot) is modified according Bouwer’s (1989) discussion 
to account for the sand pack radius around the well casing. X porosity of 0.3 was assumed 
for the sand pack. 

The hydraulic conductivity was calculated using the parameters from the equation and the 
slope of the line through the initial data. The result is a value of K and the transmissivity 
(T), assuming a saturated thickness (b) of 50 feet. T is calculated from the equation T=Kb. 
Hydraulic conductivity and transmissivity data calculated from the slug test are included in 
Table 4-2. 

4.4 Aquifer Test Conclusions 

Regional information from the USGS WRI Report 87-4240, page 37, lists the summary of 
horizontal hydraulic conductivities and transmissivity values for the different aquifers. The 
median values for the Columbia Group range from 8.3 to 28.7 ft/day, and the median values 
for the Yorktown aquifer range from 4.1 to 23.1. The 10.9 ft./day value for hydraulic 
conductivity used in the model is acceptable for both the Columbia and Yorktown aquifers. 

A constant rate pumping test is the most valuable tool to determine aquifer characteristics, 
although the data can produce unreliable results. It is the professional judgement of the 
hydrogeologist to determine if the calculated results of the constant rate pumping test are 
within an acceptable range compared to regional data. In some instances, results from the 
constant rate pumping tests can be influenced by outside factors. Attempts can be made to 
account for the outside influences. but this can also lead to unreliable results. The initial 
calculations made from the constant rate pumping test resulted in values that were 
unacceptable compared to the literature values in the USGS report. When constant rate 
pumping tests are not reliable, slug test calculation or regional values can be used as initial 
aquifer parameters in groundwater flow models. 
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The constant rate pumping tests and slug tests are used to obtain aquifer parameters, which 
are used as input parameters to groundwater flow models. Slug tests have limitations, but can 
provide acceptable information when the results of a constant rate pumping test are 
unacceptable. 

4.5 Tidal and Recharge Influences 

Continuous water level data were collected at monitor wells DW-1 and SW-l between 
9 December 1992 and 12 January 1993. The data from the shallow monitor well (SW-l) 
contained extensive influence from precipitation and was rendered unreliable. However, 
SW-l remained relatively stable when not being influenced by precipitation. In addition, the 
water level in SW-l remained higher than DW-1 except during the spring tides at the 
beginning and end of the study. Water elevation data from DW-1 exhibited well-defined 
semidiurnal periodicity (Figure 4- 15). 

Additional, simultaneous water level data from the National Oceanic and Atmospheric 
Administration (NOAA) tide station at Sewells Point were obtained for comparison. Plotting 
the two water level signals indicate a distinct correlation (Figure 4-16). An ESE-developed 
computer program for cross-correlating two signals at different phase-lag was run on the two 
data sets from Sewells Point and monitor well DW-1. The program was run based on 
changing the offset of the two time-series data sets at 5-minute increments. The program then 
calculated the Pearson Product correlation coefficient between the two curves in the portions 
of each curve which overlap. For example, for two identical curves, maximum correlation 
will occur at a zero offset. For a sine and cosine curve, maximum correlation will occur at a 
90-degree phase lag. The results of the two data sets analyzed indicate that a maximum 
correlation occurs when the tide signal is advanced 50 minutes. This indicates that the peak 
groundwater potentiometric level occurs approximately 50 minutes after high tide. 
Groundwater time lag is illustrated in Figure 4-16. 

-- 

Head differences were also calculated for the two data sets. The difference in elevation 
between Sewells Point tidal values and DW-1 were calculated. Positive values represent tidal 
elevations higher than groundwater elevations. A mean value of - 1.9 feet resulted for the 
month of data, suggesting a net negative influence of the tide on the groundwater at the site 
and a net positive gradient toward the Elizabeth River and Willoughby Bay. The effect would 
be to allow dispersal of the local groundwater to the surrounding surface water. Gradient 
magnitudes depend on the proximity of the local water body and the phase of the tide. 
Assuming a minimum distance to Willoughby Bay of 900 feet to the southeast and the mean 
hydraulic head of 1.9 feet, the gradient is 0.0021. 
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4.6 Vertical Flow Regime 

An additional data set consisting of the tidal heights and a piezometer installed in the 
submarine sediments were collected from 13 to 22 January 1993 (Figure 4-17). The 
potentiometric head difference of the surface water to the piezometer height was very low, as 
illustrated on Figures 4-l 8 and 4-l 9. The significance of this difference is difficult to 
ascertain. Because there were no simultaneous groundwater data with which to compare this, 
it is impossible to determine a temporal relationship. It can be assumed. however, based on 
the seaward gradient and piezometerkiver head difference, that the local groundwater is 
discharging into the surrounding surface waters. 

Seepage discharge can be estimated using Darcy’s equation: 

Q = KiA 

where: 
Q = flow volume 
K = hydraulic conductivity (11 ft/day) 

= 
fd, zz 

horizontal gradient (0.0021 ft/ft) 
cross-section area of aquifer (96,000 ft3) 

The following assumptions were made to calculate discharge: 

1) Darcy assumptions were employed. 
2) The thickness of the aquifer was calculated by the aquifer thickness (110 feet) 

subtracted by the height of the bulkhead (50 feet). 

3) Leakage of the bulkhead is insignificant. 
4) The length of the aquifer is the attached impacted area that is between Pier 11 to 

500 feet north of Pier 12. The approximate discharge is 2200 ft?/day or 16,600 
gallons/day. 

4.7 Groundwater Flow Model Development (MODFLOW) 

The model domain comprises the area depicted in Figure 4-1. The area is bounded by the 
Elizabeth River on the west, Willoughby Bay on the east, and Bunker Hill Taxiway on the 
south. The flow system has been conceptually characterized as a two-layer system separated 
by a semiconfining layer. A uniform grid was constructed over the model domain. Model 
input included boundary conditions to represent the Elizabeth River, the bulkhead along the 
Elizabeth River, Willoughby Bay, and recharge to provide a water source for the model. 
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4.7.1 Model Grid 

The model domain grid was divided into 34 columns running east-west and 43 rows running 
north-south. A total of 2924 grid cells represented the model’s two layers; the spacing 
between grid lines was a uniform 62.5 feet. The model covers approximately 4.9 square 
miles. 

4.7.2 Boundary Conditions 

Constant head boundaries were specified in the grid cells covering the Elizabeth River and 
Willoughby Bay in layers 1 and 2. The cells in these boundaries were set at constant head of 
0.0 feet. A no-flow boundary was specified along the Elizabeth River to represent the 
bulkhead. The no-flow boundary representing the bulkhead was only used in layer 1, which 
represented the aquifer and flow system to the depth of the bulkhead (approximately 50 feet 
below msl). All other ceils in the model domain were specified as active cells. In addition, 
the grids immediately west of the no-flow boundary bulkhead were also specified as active 
cells to allow for water movement on the river side of the bulkhead. 

4.7.3 Groundwater Recharge 

The only water entering the flow system is specified as recharge to layer 1. The source of the 
recharge is assumed to be from local rainfall. Previous studies have estimated recharge to the 
water table aquifer at approximately 10 to 15 inches per year (Hamilton, 1988). Recharge 
was specified as a heterogeneous matrix with an average over the model domain of 10 inches 
per year. The recharge matrix was established through the calibration process. 

4.7.4 Aquifer Parameters 

Site-specific aquifer parameters were calculated from a series of slug tests and constant rate 
aquifer performance test (APT). Aquifer parameters have also been established from regional 
information collected by the USGS (Hamilton, 1988). The site-specific and regional data 
were used as initial model input values for hydraulic conductivity and transmissivity. The 
values were adjusted during the calibration process to determine the appropriate values in 
MODFLOW. It is common in groundwater modeling to adjust the model values to calibrate 
the flow system. In this process, the professional judgment of the hydrogeologist is used to 
determine if the adjustments are reasonable. 

Based on the calibration process, the hydraulic conductivity of layer 1 was set as a uniform 
value of 10.9 ft/day and the thickness was set at 50 feet. The calibrated transmissivity of 
layer 2 was 548 sf/day. The leakance value between layers 1 and 2 was set at 0.055 per day. 
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4.7.5 Model Calibration 

A potentiometric surface for the modeled area was established from the previous groundwater 
investigations. The elevation of this surface ranged from approximately 2 feet above msl in 
the vicinity of the QADSY to approximately 0.5 foot above msl near the Elizabeth River. 
The aquifer parameters and recharge values were adjusted in the calibration process to 
approximate the potentiometric surface of the water table. The calibration process resulted in 
a reasonable match of the potentiometric surface of the water table (Figure 4-20). The flow is 
generally to the northwest to the Eiizabeth River and to the northeast to Willoughby Bay. 
MODFLOW output file is located in Appendix I. 

4.8 Particle Transport Model Development Using INTERTRANS 

The purpose of this exercise was to determine if the contaminants migrating from the QADSY 
to the bulkhead along the Elizabeth River will discharge to the surface water (Elizabeth 
River). ESE has developed a three-dimensional particle tracking solute transport model 
(INTERTRANS) that uses the potentiometric “heads” calculated from MODFLOW and tracks 
particles for a specified period of time. Because INTERTRANS is a three-dimensional 
model, it can depict both a map view and a cross-section view of the particle movement. 

p”“- 4.8.1 MODFLOW Heads Conversion - 

Prior to using the particle tracking model, the heads generated from MODFLOW need to be 
converted to a format compatible for the particle tracking model. Because pumping is not 
involved in the simulation, the head distribution is the mechanism for the particle or 
contaminants to migrate. ESE has developed a conversion utility (CONMOD) to convert the 
heads generated from the MODFLOW output to a format suitable for use in INTERTRANS. 

4.8.2 Particle Tracking (INTERTRANS) 

Particle movement from the contaminant source is a function of the groundwater head 
gradient and direction, the porosity of the porous media, and the dispersivity factor. In this 
task, the groundwater head gradient was supplied from the MODFLOW-converted heads. The 
typical porosity values for unconsolidated sands are between 25 and 50 percent. Laboratory 
values from soil samples taken during the hydrogeologic investigations were measured at 
approximately 25 to 30 percent. A value of 25 percent was used as an input parameter in 
INTERTRANS. The lower the porosity percent, the faster the particles move. 

The dispersivity was set at 10 feet for the longitudinal, transverse, and vertical directions. A 
value of 10 feet was chosen as the dispersivity value, reasonable for alluvial sediments 
(Walton, 1988). The ratio between the longitudinal and transverse dispersivity values is 
usually 10: 1; however, when a 10: 1 ratio was used the particles migrated down with the 

F=- groundwater gradient and all of the particles dropped below the bulkhead. In an attempt to be 
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conservative and allow for the particles to remain near the surface, the transverse dispersivity 
was set equal to the longitudinal value. 

Two scenarios were conducted using continuous particle slugs. 4 continuous slug of 100 
particles was placed within the boundary of the QADSY to model particle movement for 
approximately 40 years. The second scenario tracked a single particle movement for the same 
40-year time frame. 

4.8.3 Results of Particle Tracking 

The 40-year scenario indicated that particles will move horizontally downgradient to the 
northwest toward Pier 12 and the Elizabeth River bulkhead. dispersing horizontally and 
vertically to layer 2. The particles will reach the bulkhead and migrate down and under the 
bulkhead to the west of the river (Figures 4-21 and 4-22). Figure 4-2 1 depicts 100 particles 
traveling with the groundwater to the northwest, hitting the bulkhead, and continuing under 
the bulkhead and discharging in the river. Figure 4-22 depicts the same scenario using only 
one particle. The figure shows the particle traveling northwest to the bulkhead and then down 
and under the river. 

4.9 Air Sparging/Soil Vapor Extraction (AWSVE) Pilot Study 

4.9.1 ASlSVE Method 

Target Environmental Services conducted two ASBVE pilot studies in May 1995. The pilot 
tests were performed at the HM and the FP areas. The purpose of the AS/SVE was to test 
the feasibility and obtain design data such as soil permeability and radius of influence for an 
ASBVE system. Soil gas and groundwater samples, dissolved oxygen measurements, and 
groundwater levels were collected before, during, and after the AS/SVE pilot tests to 
measure the effectiveness of a potential AS/SVE system. 

An air injection well, vapor extraction well, and monitor probes were installed at each site 
prior to the AWSVE pilot studies (Figure 4-23). Specifics to the installation, field test 
procedures, and data collection are found in Target’s June 1995 Final Report Soil Vapor 
Extraction/In-Situ Air Sparging Pilot Test. 

4.9.2 AWSVE Results 

Calculated air conductivities ranged from 1.3 X 10e6 to 7.9 X lo-’ cm2 at the two sites. 
Permeability values are in the range from 10” to 10-i’ cm’ to be hydraulically conductive for 
remediation by vapor extraction. 

The radius of vacuum influence ranges from 30 to 74 feet at the FP area to 21 to 37 feet at 
the HM area. The variations in the radius in influence appear to be from underground 
utilities causing variations in the soil permeability. The radius of air sparging influence 
ranges from 20 to 30 feet using screen located between 35 and 40 feet bgs. Increasing the 
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injection flow could increase the radius of sparging influence and VOC removal. 
Groundwater sample data indicated a decrease in VOC concentrations. 

The increase of dissolved oxygen and groundwater potentiometric levels also indicated that 
AS/SVE is a feasible remediation technique at the QADSY. Specific information on the 
ASBVE pilot studies such as concentration data and radius of influence graphs are located in 
Target (1995). 

Table 4-1. Drawdown of Observation Wells and 
Distance from Pumping Well SW-3 

Observation We11 Drawdown (feet) Approximate Distance 
(feet) 

SW-1 0.12 300 

II SW-2 I 0.12 I 200 

II SW-4 I 0.21 I 300 

II SW-5 I 0.14 I 320 

II SW-6 I 0.26 I 250 

II SW-8 I 0.09 I 570 

Table 4-2. Hydraulic Conductivity and Transmissivity Calculated 
from Slug Test Data 

K ‘(tiday) T (ft2/day) 

SW-I 25.0 3125 

II SW-2 I 7.6 I 975 

II SW-4 I 10.5 I 1312 

II SW-5 I 10.5 I 1312 

II SW-6 I 6.0 I 750 

II SW-7 I 7.0 I 937 

II SW-8 I 9.0 I 1125 

II Average I 11.0 I 1362 
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5.0 NATURE AND EXTENT OF CONTAMINATION 

This section of the report presents the results of the site characterization (sampling and 
analytical program) for each of the media sampled. The analytical results for each media are 
compared with the data from background samples to more accurately depict fluctuatio.ns in 
contaminant levels in those media under scrutiny. 

5.1 Soils 

For the purposes of the investigation, the site was broken down into five distinct parcels based 
on the historical use of each area (Sections 3.1 and 3.2). However, the analytical parameters 
for each parcel were essentially the same. The areas investigated include: the HM area, PPA, 
TA, and EY (see Section 2.1). The soil sample locations and areas investigated are shown on 
Figure 5-1. 

,P---% 

During this discussion, individual samples will be referred to by a three- or four-digit code. 
The first two letters refer to the sample area (TA for Transit Area, etc.), the next number 
refers to the area1 location of the sample, and the final number (1 or 2) refers to the depth 
that the sample was taken from the surface (“1” denotes 0 to 18 inches, “2” denotes 18 to 36 

Soil inches). The final digit is omitted when a single sample was taken from 0 to 36 inches. 
samples were also taken from most monitor well locations during installation. These are 
referred to by the prefix SW. The interval for SW samples was 0 to 10 feet. 

Background soil samples were collected from DW-2 and SW-8 and analyzed for VOCs, ’ 
TCLP metals, and percent moisture. 

TPH, 

5.1.1 Transit Area (TA) 

5.1.1.1 vocs 

Three VOCs were detected in the soil samples from the TA. Acetone was detected in each of 
the borings ranging in concentration from undetected in the field duplicate sample of TA-1-2, 
to 650 pg/kg in sample TA-l-1. The samples from TA-3-l. TA-3-2, TA-5-1, and TA.-5-2 
contained 59, 370, 540, and 440 pg/kg, respectively. The soil samples are below the Region 
III risk-based concentrations (RBC) for commercial/industrial soils of Superfund sites 
(100,000 pg/kg). 

Total xylenes (2 1 pg/kg) and PCE (estimated 2 pg/‘kg) were detected in sample TA-l-l, but 
not in any other TA samples, and are below RBCs (100,000 and 55,000 pg/kg, respectively). 
Methylene chloride was detected at low levels (less than 15 pg/kg) in all but one sample (TA- 
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3-2). However, because methylene chloride was also found in low levels in the blank sample 
and the background samples, it is unlikely that it exists as a soil contaminant. No VOCs 
other than methylene chloride were found in the background samples. The analytical data are 
summarized in Appendix G, Table G-l. 

5.1.1.2 svocs 

12 SVOCs were detected in the samples from the TA. 

l Benzo(a)anthracene was estimated in sample SS-20 at 82 pg/kg. 

l Benzo(a)pyrene was estimated in sample SS-20 at 85 pg/kg and is below the RBC for 
industrial soil (390 ugikg). 

l Benzo(b)fluoranthene was estimated in sample SS-20 at 130 pg/kg and is below the 
RBC for industrial soil (3900 pgikg). 

l Benzo(g,h,i)perylene was estimated in sample SS-20 at 78 pg/kg. 

l Bis(2-ethylhexyl)phthalate was estimated-at 820 pg/kg in sample TA-l-1 and detected 
at 980 pg/kg in TA-1-2 field duplicate (FD). An estimated concentration of 47 and 
100 pg/kg was detected in samples SS-19 and SS-20, respectively, and 140 and 110 
@kg was detected in the field duplicate samples of TA-1-2 and in TA-5-2, 
respectively. 

l Estimated concentrations of chrysene was detected in SS-20 at 110 pg/kg and is below 
the RBC for industrial soil (390,000 pg/kg). 

l Estimated di-n-butylphthalate concentrations of 900 pg/kg and 53 pg/kg were detected 
in samples TA-l-2 and its field duplicate. 

l 1,4-dichlorobenzene was estimated in filed duplicate sample TA-l-2 and TA-5-2 at 
140 and 110 pg/kg and is below the RBC for industrial soil (120,000 pg/kg). 

l Fluoranthene was estimated in sample SS-20 at 170 pg/kg and is below the RBC for 
industrial soil (41 ,OOO,OOO pg/kg). 

l Indeno(l,2,3-cd)pyrene was estimated in sample SS-20 at 170 pg/kg and is below the 
RBC for industrial soil (3900 pg/kg). 

l Phenanthrene was estimated in sample SS-20 at 92 pg/kg. 
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l Pyrene was estimated in sample SS-20 at 140 pg/kg and is below the RBC for 
industrial soil (3 1 ,OOO.OOO pgjkg). 

No SVOCs were detected in the background samples. The analyticai data are summarized in 
Appendix G, Table G-2. 

5.1.1.3 TPH 

TPH was detected in samples TA-l-l, TA-1-2 (and TA-1-2 FD), TA-5-1, TA-5-2, SS-9, and 
SS-12 at concentrations ranging from 39.4 to 4400 ppm. The TA-1 samples contained 
hydrocarbons that closely matched the lube oil standard, and the TA-5 samples contained 
hydrocarbons that did not match any of the reference standards. No evidence of TPH 
contamination was found in the samples from TA-3-1 and TA-3-2. The samples from TA-I- 
1, TA-1-2 FD, TA-5- 1, and SS-9 exceeded the 100 ppm VDEQ action level for disposal in a 
sanitary landfill. 

.-. 

In interpreting the results, ESE evaluated the difference between the TPH concentration in 
upper and lower sample intervals at each location. Characteristically, a significant drop in 
concentration was noted from the upper to the lower sample, due to the gradual infiltration of 
contaminants through the vadose zone by percolation. This relationship was established in the 
samples from TA-1 and TA-5. 

Where the lower sample (18 to 36 inches) was noted to be above the 100 ppm cleanulp 
guideline, further sampling was conducted to more accurately delineate the vertical extent of 
any pockets of soil that may require remediation. The analytical data are summarized in 
Appendix G, Table G-3. 

Two soil samples from one soil boring were collected on 14 and 15 December 1992 pursuant 
to the revised RI/FS work plan. The samples were taken around the known areas of TPH 
contamination at the 3- to 5-foot and 5- to 7-foot depth intervals (Figure 5-l). The samples 
were taken at different depths to determine the vertical extent of TPH contamination. 

Both soil samples were found below the detection limits for TPH at the TA area. Equipment 
and field blanks taken were all below detection levels for TPH. The results are summarized 
in Appendix G, Table G-6. 

5.1 .I .4 TCLP Oraanics 

TCLP VOC, SVOC, pesticide, and herbicide organics were not detected in any of the samples 
from the TA. The analytical data are summarized in Appendix G, Table G-4. 
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5.1 .I .5 TCLP Metals 

l Arsenic (120 to 270 pg/kg) was detected in the extracts from all soil samples collected 
from the TA and was below the TCLP standard (5,000 pg/kg). This range of 
concentrations was higher than that observed in the background samples (105 to 120 

I-lgk). 

l Barium (155 to 425 pgikg) was detected in the extracts from all soil TA samples and 
was below the TCLP standard (100,000 pg/kg). This range of values was lower than 
those observed in the background samples (357 to 568 pg/kg). 

l Cadmium was detected in the samples from TA-1-2, TA- 1-2 FD, TA-4, TA-5- 1, and 
TA-5-2 with a range of values from 3 to 6 ug/kg, below the TCLP standard (1000 
pg/kg). The two background samples had values of 4 ug/kg. 

l Chromium (7 to 17 pg/kg) was detected in all the samples and was below the TCLP 
standard (5,000 ug/kg). It was also detected in both background samples at 
concentrations of 12 and 14 pg/kg. 

l Lead (47 to 68 l-&kg) was detected in the samples from TA-l-2, TA-2, TA-3-1, 
TA-3-2, and TA-5-2 and was below the TCLP standard (5,000 l&kg). Lead was 
detected in the deeper background sample only, at a concentration of 59 &kg. 

l Selenium (59 to 116 pg/kg) was detected in all but three TA samples and was below 
the TCLP standard (1,000 pg/kg). It was not detected in the background samples. 

l Silver (7 to 9 pg/kg) was detected in the samples from TA-1-2 FD, TA-3-1, and TA-4 
and was below the TCLP standard (5,000 ygikg). It was detected in the deeper 
background sample at a concentration of 11 pg/kg. 

The results for all the TCLP metals were well below the applicable TCLP standard for each. 
In many cases, although the instrument was sensitive enough to detect an analyte, its 
concentration was below the required detection limit for the analysis. The analytical data are 
summarized in Appendix G, Table G-5. 

5.1 .I .6 IOCs 

A total of nine IOCs were detected in the samples collected from the TA. 

* Aluminum was detected in samples SS-19 and SS-20 at 4060 and 4650 mg/kg, 
respectively, and below the RBC (l,OOO,OOO mg/kg) for industrial soil. 
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5.1.1.7 Pesticides/PCBs 

A total of three pesticides were detected in the samples collected from the TA. 

l Alpha-chlordane was detected in samples SS-19 and SS-20 at 0.0077 and 
0.012 mg/kg, respectively. 

l DDE was estimated in sample SS-20 at 0.0018 mg/kg and below the RBC 
(8.4 mg/kg) for industrial soil. 

l Gamma-chlordane was detected in samples SS-19 and SS-20 at 0.01 and 0.014 mg/kg, 
respectively. 

Arsenic was estimated in samples SS-19 and SS-20 at 9 and 13.2 mg/kg, respectively 
and below the RBC (310 mg/kg) for industrial soil. Arsenic was above the R.BCs for 
Arsenic as a carcinogen (1.6 mg/kg), 

Barium was detected in samples SS-19 and SS-20 at 34.2 and 56.6 mgikg, 
respectively, and below the RBC (72,000 mg/kg) for industrial soil. 

Chromium was detected in samples SS-19 and SS-20 at 17.2 and 19.9 mg/kg, 
respectively, and below the RBC (5100 mg/kg) for industrial soil. 

Copper was detected in samples SS-19 and SS-20 at 12.3 and 21.mg/kg, respectively 
and below the RBC (38,000 mg/kg) for industrial soil. 

Lead was estimated in sample SS-19 at 17 mg/kg. Lead was detected in sample 
SS-20 at 50.6 mg/kg. 

Manganese was estimated in samples SS-19 and SS-20 at 251 and 287 mg/kg, 
respectively, and below the RBC (5100 mg/kg) for industrial soil. 

Nickel was detected in samples SS-19 and SS-20 at 14.8 and 11.8 mg/kg, 
respectively, and below the RBC (20,000 mgikg) for industrial soil. 

Vanadium detected in samples SS-19 and SS-20 at 35.8 and 53.2 mg/kg, respectively, 
and below the RBC (7200 mg/kg) for industrial soil. 

5.1.2 Truck and Equipment Storage Yard (EY) 

5.1.2.1 vocs 

A total of four VOCs were detected in the samples from the EY area. 
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l Acetone was detected in the samples from EY-4-2 and EY-7-2 at concentrations of 11 
and 7 (estimated) ug/kg, respectively, below the RBC (100,000 pg/kg). 

l Benzene was detect- ;n the sample from EY-3-2 at an estimated concentration of 
2 pg/kg, below the RX (99,000 pg/kg). 

l PCE was detected in the sample from EY-2-1 at a concentration of 11 ug/kg, below 
the RBC (55,000 pg/kg). 

l Methylene chloride was detected in all the soil samples from the EY area, as well as in 
a blank sample. The concentrations were all noted to be below 25 pg/kg; therefore, its 
presence as a soil contaminant cannot be confirmed. 

No VOCs, other than methylene chloride, were detected in the background samples. The 
analytical data are summarized in Appendix G, Table G- 1. 

5.1.2.2 TPH 

Only one sample was found to contain a detectable TPH quantity close to one of the reference 
standards used by the laboratory. Fuel oil #6 was detected at 50 ppm in the sample from EY- 
5-l. 

An unquantifiable amount of TPH that did not match any reference standards (possibly 
representing a degradation product) was detected in the sample from EY-7-2. The level of 
contamination noted in EY-5-l is below the 100 ppm VDEQ action level. The analytical data 
are summarized in Appendix G, Table G-3. 

5.1.2.3 TCLP VOCs 

TCLP VOC, SVOC, pesticide, and herbicide organics were not detected in any of the samples 
from the EY area. The analytical data are summarized in Appendix G, Table G-4. 

5.1.2.4 TCLP Metals 

Barmm was detected in all the EY samples at concentrations ranging from 154 to 452 pg/kg 
with a mean value of 247 pg/kg. The range of results was comparable to those seen in the 
background samples and concentrations fall well below the TCLP standards (100,000 pg/kg). 

Arsenic, chromium, lead, mercury, and selenium were also detected in various EY samples. 
Although the instrument was sensitive enough to detect the analytes of concern, the 
concentrations were below required detection limits for the analysis. The analytical data are 
summarized in Appendix G, Table G-5. 
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5.1.3 Petroleum Products Area (PPA) 

5.1.3.1 vocs 

A total of five VOCs were detected in specific soil samples from the PPA. These included 
methylene chloride, acetone, 1,2-DCE, PCE, and toluene. Methylene chloride was found in 
most of the samples ranging in concentration from an estimated 4 to 39 pg/kg. Analytical 
results of the blank samples from certain of the sample sets also identified methylene chloride. 
Because methylene chloride is a common laboratory contaminant and was also found :in blank 
samples,.its presence as a soil contaminant cannot be confirmed. Other than methylene 
chloride, no VOCs were detected in the background samples. 

Acetone was found in nine samples, ranging in concentration from an estimated 6 p&kg to 
150 pg/kg. SW-3 (150 pg/kg) and PP-8-2 (120 ug/kg) had the highest concentrations; the 
other samples were below 25 pg/kg. All the samples are below the RBC (100,000 ug/kg). 

Sample PP-2- 1 and SS-18 were the only other sample with VOCs. The analysis from PP-2-1 
indicated the presence of 1,2-DCE (1500 pg/kg), PCE (150 pg/kg), and toluene (140 ,pg/kg). 
The analysis from PP-C8 measured PCE and estimated toluene at 44 and 5 pg/kg, 
respectively. The soil samples are below the RBCs for 1,2-DCE, PCE, and toluene at 10,000, 
55,000, and 200,000 pg/kg, respectively. The analytical data are presented in Appendix G, 
Table G- 1. 

5.1.3.2 SVOCs 

A total of seven SVOCs were detected in three soil samples from the PPA. 

l Sample PP-6- 1 had an estimated concentration of 120 pg/kg of 4-methyl phenol, 
below RBC concentrations (5,000 pg/kg). 

l Sample PP-6-2 had estimated concentrations of phenanthrene (47 pg/kg), fluoranthene 
(46 pg/kg), and pyrene (43 pg/kg). The field duplicate sample of PP-6-2 did not 
exhibit contamination by the same compounds, but did contain an estimated 
concentration of 39 pg/kg of 1,4-dichlorobenzene, below the RBC (120,000 pg/kg). 

l Sample PP-12-1 contained estimated concentrations of phenol (410 pg/kg), 
4-methylphenol (580 pg/kg), and 2,4-dimethylphenol (420 pg/kg). These levels fall 
below the RBCs at 6 10,000, 5,100,000, and 20,000 pg/kg, respectively. 

No SVOCs were detected in the background samples. The analytical data are summarized in 
Appendix G, Table G-2. 
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5.1.3.3 TPH 

TPH was detected in 16 of 25 samples collected from the PPA, with concentrations ranging 
from 40 to 2020 ppm. All but two of these samples (PP-8-2 at 40 ppm and SS-13 at 65.7 
ppm) exceeded the 100 ppm VDEQ action level for TPH in soils. 

TPH-contaminated samples include PP-2- 1, PP-2-2, PP-3- 1 T PP-3- 1 FD, PP-5- 1, PP-6- 1) 
PP-8-1, PP-8-2, PP-12-1, PP-12-2, PP-14-1, SS-15, SS-16, and the soil samples collected 
from SW-2 and SW-3. All other PPA samples had no evidence of hydrocarbon 
contamination. 

The primary contaminant appears to be a hydrocarbon that matches the reference standards for 
compressor oil. However, there appears to be localized contamination by hydrocarbons 
matching the motor oil, lube oil, and hydraulic jack oil reference standards. 

In interpreting the results, ESE evaluated the difference between the TPH concentration in 
upper and lower sample intervals at each location. Characteristically, a significant drop in 
concentration was noted from the upper to the lower sample, due to the gradual infiltration of 
contaminants through the vadose zone by percolation. This relationship was established in the 
samples from PP-2, PP-3, PP-5, PP-6, PP-8, PP-12, and PP-14. 

Where the lower sample (18 to 36 inches) is noted to be above the 100 ppm action level (PP- 
2-2 and PP-12-2), further sampling was conducted to more accurately delineate the vertical. 
extent of any pockets of soil that may require remediation. The analytical data are presented 
in Appendix G, Table G-3. 

Six soil samples from the three soil borings were collected on 14 and 15 December 1992 
pursuant to the revised FUFS work plan from the PPA. The samples were taken around the 
known areas of TPH contamination at the 3- to 5-foot and 5- to 7-foot depth intervals (see 
Figure 5-l). The samples were taken at different depths to determine the vertical extent of 
TPH contamination. 

All six soil samples were found below the detection limits for TPH at the PPA. 
TPH-contaminated samples included: SB-5-4, SB-5-6, SB-6-4, and SB-6-6. Equipment and 
field blanks taken were all below detection levels for TPH. The results are summarized in 
Appendix G, Table G-6. 

5. I .3.4 TCLP Orqanics 

No TCLP VOC, SVOC, pesticide, or herbicide organics were detected in any of the samples 
from the PPA. The analytical data are summarized in Appendix G, Table G-4. 
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5.1.3.5 TCLP Metals 

Barium was detected in the extracts from all the samples at concentrations ranging from 79 to 
354 pg/kg with a mean value of 204 pg/kg. This range of results is comparable to the 
background samples. and falls well below TCLP standards (100,000 pg/kg). Arsenic, 
cadmium, chromium. lead, selenium, and silver were detected in samples from the PPA. 
Although detected by the instrument, the concentrations were generally below the required 
detection limits for the analysis and well below the applicable TCLP standards. The 
analytical data are summarized in Appendix G, Table G-5. 

5.1.3.6 IOCs 

A total of nine IOCs were detected in the samples collected from the PPA. 

Aluminum was detected in sample SS-18 at 3680 mgikg and below the RBC 
(1 ,OOO,OOO mgikg) for industrial soil. 

Arsenic was estimated in sample SS-18 at 11.7 mg/kg and below the RBC 
(310 mg/kg) for industrial soil. Arsenic was above the REJC for arsenic as a 
carcinogen (1.6 mg/kg). 

Barium was detected in sample SS-18 at 53.8 mg/kg and below the RBC 
(72,000 mg/kg) for industrial soil. 

Chromium was detected in sample SS-18 at 13.4 mg/kg and below the RBC 
(5100 mg/kg) for industrial soil. 

Copper was detected in sample SS-18 at 24.3 mg/kg and below the REIC 
(38,000 mg/kg) for industrial soil. 

Lead was detected in sample SS-18 at 105 mg/kg. 

Manganese was estimated in sample SS-18 at 245 mg/kg and below the RBC 
(5100 mg/kg) for industrial soil. 

Nickel was detected in sample SS-18 at 10.2 mg/kg and below the RBC 
(20,000 mg/kg) for industrial soil. 

Vanadium detected in samples SS-18 at 43.3 mg/kg and below the RBC (7200 mg/kg) 
for industrial soil. 

5.1.3.7 Pesticides/PCBs 

A total of four pesticides were detected in the samples collected from the PPA. 
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l Aldrin was estimated in sample SS-18 at 0.0014 mg/kg and below the RBC 
(0.17 mgikg) for industrial soil. 

l Alpha-chlordane was estimated in sample SS-18 at 0.0031 mg/kg. 

l DDD was estimated in sample SS-18 at 0.0038 mg/kg and below the RBC (12 mg/kg) 
for industrial soil. 

l Gamma-chlordane was estimated in sample SS-18 at 0.0049. 

5.1.4 Hazardous Materials (HM) Area 

5.1.4.1 vocs 

Several VOCs were detected in the soil samples from the HM area. The compounds included: 
methylene chloride, acetone, 1,2-DCE. 1) 1,l -TCA, TCE. 4-methyl-2-pentanone, PCE, and 
1,1,2,2-tetrachloroethane (PCA). 

l Methylene chloride was detected in 11 samples; however, methylene chloride was 
detected in the associated blanks, so its presence as a soil contaminant cannot be 
confirmed. 

l Acetone was detected in seven samples with concentrations ranging from an estimated 
8 pg/kg in sample HM-4-2 up to a maximum of 450 pg/kg in the soil sample from 
SW-l. Soil sample HM-3-2 had a detected concentration of 57 pg/kg; the remainder 
of the samples were below 50 yglkg. All the samples fall below the REX (100,000 
P&)+ 

l 1,2-DCE was detected in four samples with concentrations ranging from an estimated 
5 pg/kg up to a maximum of 20 pg/kg in HM-3-1. Soil samples with 1,2-DCE fall 
below the RJ3C (10,000 p,g/kg). 

l TCA was detected at an estimated concentration of 1 pg/kg in sample HM-10-I and 
below the RJ3C (50,000 pg/kg). 

l TCE was detected in sample HM-7-1 at an estimated concentration of 29 &kg, but 
was also detected in an associated blank sample; its presence as a contaminant has not 
been confirmed. TCE was found below the REX (260,000 ug/kg). 

l PCE was detected in nine samples ranging from an estimated 2 pg/kg up to 
32,000 ug/kg in sample HM-9-2. This high level is thought to be due to sample 
collection in the vicinity of some leaking and damaged drums that were noted during 
the investigation. However, with the exception of HM-9-2 (32,000 pg/kg), HM-10-l 
(150 pg/kg), and HM-9-1 (96 pg/kg); all other values were below the RBC (50 
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pg/kg). PCE was detected in the analysis for TCLP VOCs in two samples (HM-1 and 
HM-1 FD); however. the levels of PCE were below the applicable TCLP standard 
(700 &kg). 

l PCA was also detected in sample HM-9-2 at an estimated concentration of 30 pg/kg; 
no other samples had detectable concentrations. PCA was found below the MC 
(14,000 pg/kg). 

No other VOCs were detected in the background samples. The analytical data are 
summarized in Appendix G, Table G-l. 

5.1.4.2 SVOCs 

A total of 10 SVOCs were detected in the samples from the HM area. Concentrations of the 
compounds in all but one sample were estimated, being below the required detection hmits for 
the analysis. A 2,4-dimethylphenol concentration of 3600 pg/kg was detected in sample HM- 
2-l which was below the REX (20,000 pg/kg) and in three other samples at concentrations 
below the detection limit for the analysis. Other compounds with estimated concentrations 
included: 4-methylphenol, 1-4-dichlorobenzene, benzo(a)pyrene, benzo(b)fluoranthene,, bis(2- 
ethylhexyl)phthalate, chrysene, benzo(a)anthracene, pyrene, fluoranthene, and phenol. No 
SVOCs were detected in the background samples. The analytical data are summarized in 
Appendix G, Table G-2. 

5.1.4.3 j-PJ 

TPH was detected in 18 out of 22 samples collected from the HM area with concentrations 
ranging from 330 to 2500 ppm. 14 out of the 18 samples exceed the 100 ppm VDEQ action 
level for TPH contamination in soils. 

TPH-contaminated samples included: HM-2- 1, HM-2-2, HM-3- 1, HM-3-2, HM-4-1, HM-4- 1 
FD, HM-4-2, HM-5-1, HM-7-1, HM-9-2, HM-10-2, SS-1, SS-4, and SS-8. 

The chief constituent appears to be a hydrocarbon that matches the reference standard for 
compressor oil, but there also appears to be localized contamination by hydrocarbons 
matching the motor oil, lube oil, and hydraulic jack oil reference standards used in the 
analysis. 

Sample HM-9-1 had unquantifiable hydrocarbon contamination that did not match any of the 
reference standards used for the analysis, possibly representing a degradation product. All 
other samples had no evidence of hydrocarbon contamination. In interpreting the results, the 
difference between the TPH concentration in upper and lower sample intervals at each 
location was evaluated, Characteristically, a significant drop in concentration was noted from 
the upper to the lower sample, due to the gradual infiltration of contaminants through the 
vadose zone by percolation. This relationship between the upper and lower sample intervals 
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was established in the samples from HM-2, HM-4. HM-5, and HM-7. The lower intervals 
were found to be more contaminated in the samples from HM-3 and HM-10. 

Where the lower sample (18 to 36 inches) is noted to be above the 100 ppm action level 
(HM-3 and HM-lo), further sampling was conducted to more accurately delineate the vertical 
extent of any pockets of soil that may require remediation. The analytical data are 
summarized in Appendix G, Table G-3. 

Eight soil samples from four soil borings were collected on 14 and 15 December 1992 
pursuant to the revised RUFS work plan from the HM area. The samples were taken around 
the known areas of TPH contamination at the 3- to j-foot and 5- to 7-foot depth intervals (see 
Figure 5-l). The samples were taken at different depths to determine the vertical extent of 
TPH contamination. 

TPH was quantified in only 4 out of 8 samples collected from the HM with concentrations 
ranging from 16.2 to 47.1 ppm. None of the samples exceeded the 100 ppm VDEQ action 
level for TPH contamination in soils. 

TPH-contaminated samples included: SB-5-4, SB-5-6, SB-6-4, and SB-6-6. Contamination is 
lower in the deeper borings as expected due to the gradual infiltration of contaminants. The 
chief constituent appears to be a hydrocarbon that matches the reference standard for diesel 
fuel. Equipment and field blanks taken were all below detection levels for TPH. The results 
are summarized in Appendix G, Table G-6. 

5.1.4.4 TCLP Oraanics 

In the VOC fraction of the TCLP extract, PCE was detected in samples HM-1 and its field 
duplicate (6 pg/kg and 8 pg/kg, respectively). The TCLP standard is 700 pg/l. 

In the SVOC fraction, 4-methylphenol was detected in the extracts from samples HM-1 and 
its field duplicate (180 pg/kg and 75 ug/kg, respectively). No pesticides or herbicides were 
detected. The analytical data are summarized in Appendix 6, Table G-4. 

5.1.4.5 TCLP Metals 

Barium was detected in the extracts from all the samples at concentrations ranging from 228 
to 627 ug/kg with a mean value of 353 pg/kg. This range of results is comparable with the 
results of the background samples and falls well below the applicable TCLP standard 
(100,000 pg/kg). Arsenic, cadmium, chromium, lead, and selenium were also detected in 
specific samples from the HM area. Although detected by the instrument, the concentrations 
were all below the required detection limits for the analysis and well below applicable TCLP 
standards. The analytical data are summarized in Appendix G, Table G-5. 
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5.1.4.6 IOCS 

A total of nine IOCs were detected in the samples collected from the HM. 

Aluminum was detected in sample SS-17 at 5550 mg/kg and below the BBC 
(1 ,OOO,OOO mg/kg) for industrial soil. 

Arsenic was estimated in sample SS-17 at 10.5 mg/kg and below the BBC 
(310 mg/kg) for industrial soil. Arsenic was above the RBC for arsenic as a 
carcinogen (1.6 mg/kg) . 

Barium was detected in sample SS-17 at 38.1 mg/kg and below the RBC 
(72,000 mg/kg) for industrial soil. 

Chromium was detected in sample SS-17 at 16.6 mg/kg and below the BBC 
(5100 mg/kg) for industrial soil. 

Copper was detected in sample SS-17 at 12 mg/kg and below the RBC 
(38,000 mg/kg) for industrial soil. 

Lead was detected in sample SS-17 at 15.9 mg/kg. 

Manganese was estimated in sample SS-17 at 286 mg/kg and below the RBC 
(5100 mg/kg) for industrial soil. 

Nickel was detected in sample SS-17 at 7.9 mg/kg and below the RBC 
(20,000 mg/kg) for industrial soil. 

Vanadium detected in samples SS-17 at 29.7 mg/kg and below the RBC (7200 mg/kg) 
for industrial soil. 

5.1.4.7 Pesticides . 

A total of four pesticides were detected in the samples collected from the HM. 

l beta-BHC was estimated in sample SS-17 at 0.0036 mg/kg. 

l DDD was estimated in sample SS-17 at 0.003 mg/kg and below the BBC (12 mg/kg) 
for industrial soil. 

l DDE was estimated in sample SS-17 duplicate at 0.0022 mg/kg and below the BBC 
(8.4 mg/kg) for industrial soil. 

l delta-BHC was estimated in sample SS-17 duplicate at 0.0011. 
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5.1.5 Summary of Soil Contamination 

Soil contamination at the site appears to be limited to contamination by VOCs and petroleum 
hydrocarbons. Some small-scale SVOC, pesticides, and metals contamination (above 
background but well below applicable TCLP or REX standards) may also be present. 

5.1.5.1 vocs 

Soil contamination by VOCs is generally at a very low level; the most affected area (in terms 
of type and frequency of compounds) is the HM area (Figures 5-2 and 5-3). Concentrations 
are generally less than 100 ug/kg for contaminant-specific concentrations. The PCE 
concentration of 32,000 ug/kg at station HM-9-2 was the only sample above 1000 ug/‘kg total 
VOCs and may reflect collection near an obvious spill area. PCE was detected in the TCLP 
VOC analysis in two samples well below the TCLP standards (700 ug/kg). Acetone (not 
detected to 650 ugikg) is a common contaminant in the TA. but was not detected in either of 
the TCLP samples taken from that area. 

The sporadic pattern of contamination within the surface soils reflects the nature of spills at 
the QADSY. Some areas were affected if subjected to a single large spill or slow leak into 
the soil, while no significant release occurred in other areas despite having material stored 
there. Visual soil staining and total VOC concentrations are compared in Figures 4-2 and 4-3. 
A consistent trend between soil staining and VOC contamination is not apparent. 

5.1.5.2 SVOCs 

Low soil contamination was primarily found in the TA. Concentrations estimated and 
detected were below the REKs for industrial soil. 

5.1.5.3 TPH 

Soil contamination by TPH is widespread in the TA, PPA, and HM areas; only one EY 
sample exhibited TPH contamination (Figures 5-4 and 5-5). Concentrations ranged from non- 
detected to 4400 ppm across the site. A hydrocarbon that closely matches the reference 
standard for compressor oil is the most common; however, hydrocarbons matching the lube 
oil, hydraulic jack oil, diesel oil, and motor oil standards are also present. More than 50 
percent of the samples collected from the TA, HM, and PPA exceed the VDEQ guidelines 
(100 ppm) for soil disposal to an industrial or sanitary landfill. Two-thirds of the samples 
exceed the 50 ppm VDEQ guideline for soil disposal as clean fill. Sampling was performed 
of the 3- to 5-foot and 5- to 7-foot intervals of the areas of highest TPH concentrations to 
characterize the vertical extent of contamination. Soil samples collected at the TA and PPA 
were found to be below the detection limits. The results at four samples indicated low levels 
of contamination (between 16 and 47 ppm) at these depths at the HM area and are below the 
VDEQ guidelines (50 ppm) for soil disposal as clean fill. The remaining four soil samples 
were found to be below the detection limits. Specific portions of each area are likely to be 
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more affected than others due to their unique histories. However, the soil areas most affected 
are illustrated in Figures 5-4 and 5-5. A consistent trend between soil staining and TPH 
contamination is not apparent. 

5.1.5.4 TCLP Metals 

Two site areas (the northern PPA and the TA) appear to have metals levels that are 
marginally higher than those noted in the background samples and apparently non- 
contaminated samples from other site areas. Soils were analyzed using only the TCLP 
extraction method. Using TCLP methods, none of the samples were found to be 
contaminated above applicable TCLP standards. Previously existing contaminants within the 
fill material, specifically, metal, may be impacting soil analysis results because the area was 
reclaimed using fill material, thought to be dredged from Willoughby Bay. IOCs measured 
below the RBC for industrial soil. 

5.2 Groundwater 

Unlike the area approach used in the soils investigation. the site will be considered as a whole 
during discussion and interpretation of the groundwater analytical results. As a fluid medium, 
groundwater provides the means to transport and redistribute contaminants away from any 
particular contaminated source area. As a result; it is possible that contaminants from a 
known or unknown source area can be detected in the groundwater at considerable distances 
from the original point of entry into the saturated zone. 

A knowledge of the groundwater flow direction and gradients lends us the ability to predict, 
in part, the potential extent and rate of contaminant transport away from known sources. 
Reciprocally, evaluations of potential source areas can also be made by use of groundwater 
analytical data. Analytical results from the known potential soil source areas have been 
discussed in Section 5.1. 

During the first part of this investigation, each monitor well location was sampled for VOCs, 
TPH, and pH; specific samples were also analyzed for IOCs. In the following discussion, the 
location and interval at which a water sample was collected is identified by a four digit 
number. The first two digits, SW or DW, represent a shallow (25-foot) or deep (45-foot) 
well. The third digit, a number, identifies the well location. The last digit, a 1 or 2, 
identifies a shallow or deep interval within that well. Background wells has the prefix “BG” 
placed in front of the four-digit number. Shallow wells typically had samples collected from 
15-foot and 25-foot intervals and deep wells from a 35foot interval. The monitor well 
locations are shown in Figure 5-6. 

The second part of the investigation was performed under the Draft Revised RI/FS Work Plan 
dated November 1992. The groundwater sampling consisted of a hydropunch survey, monitor 
well installation/sampling, and sampling existing wells for IOCs. 

5-15 



REVISED DRAFT FINAL 5913-5/NAVFAC - QADSY Finai RI.5-16 
5196 

The hydropunch survey involved inserting a narrow-gauge collection tube into the saturated 
portion of the aquifer for a “one-time” sample. The tube was withdrawn following sample 
collection. A total of 76 samples (including QA/QC samples) were analyzed on a portable 
Photovac I gas chromatographphotoionization detection (GCPID) for the target analytes 
TCE, PCE, and 1,2-DCA. 

ESE used EPA Method 3810 (modified) for GC analysis. This method involves extracting 
VOCs from the samples by allowing the sample VOCs to volatilize in the headspace of a vial. 
Headspace gas is withdrawn in a gas-tight syringe and injected into the portable GUPID for 
analysis. The results were compared to standards analyzed on the GC, which allowed VOC 
quantification in the hydropunch samples (standards are analyzed in the same manner as the 
samples). 

Eight wells were also installed during this second part of the RT investigation; and then 
sampled following development, equilibration, and purging. The samples were shipped to the 
ESE laboratory for analysis of PCE, TCE, and 1,2-DCA. The last round of the RI 
investigation included groundwater analysis for VOCs, SVOC, pesticides/PCBs, IOCs, and 
cyanide. 

Background groundwater samples were collected and analyzed for VOCs and pH at DW-2 and 
DW-4 and VOCs, TPH, pH, and IOCs. 

5.2.1 VOCs 

A total of 11 VOCs were detected in the groundwater samples collected from the QADSY 
monitor wells. The compounds and their range of concentrations are presented in Table G-l. 
The analytical data are summarized in Appendix G, Table G-7. 

The presence and concentration of groundwater contaminants noted in the samples collected 
from the monitor well network can be used to define the plume emanating from a potential 
source area(s), due to the groundwater flow and physical properties of the contaminants 
concerned. 

Typically, monitor wells installed in the water table beneath active source areas exhibit the 
highest level of VOC contamination. However, many VOCs are readily soluble and can be 
easily transported by the groundwater in the direction of flow. It is not uncommon to see a 
degree of radial migration from a source area due to the spread of contaminants within the 
vadose zone, prior to percolation into the water table, followed by the radial spread of 
contaminants due to diffusion and contaminant densities relative to water. The relative 
mobility of each contaminant in soil and groundwater is a function of its physical properties. 
The concentrations of total VOCs in the monitor well samples are presented in Table G-2. 
VOCs can only be compared to VDEQ regulatory standards for surface water; no groundwater 
standards for VOCs have been set. 
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5.2.1.1 Tetrachloroethene 

The first sampling effort revealed PCE in 10 samples ranging in concentration from an 
estimated 3 ugil up to 4800 ,ug/l. The most impacted samples were those from SW-:2-1 
(4800 ugil) and SW-2-2 (3700 ug/l). SW-2 is located directly beneath and downgradient of 
the HM area and would be expected to exhibit the highest concentrations. Lower 
concentrations of 220 ug/l and 180 ug/l were observed in SW-l -1 and SW-1-2, respectively. 
SW-l is also located in the HM area. Significant concentrations were also noted in SW-6-2 
(91 us/l) and GW-l- 1 (14 ug/l), both downgradient from the HM area. Lesser concentrations 
were noted in samples DW-1 (3 pg/l, estimated, indicating that the downward extent of the 
plume may be close to this level) and in SW-5-1, which may be the result of a smaller, 
unknown spill in the TA. The monitor wells installed in January 1993 yielded low PCE 
concentrations. PCE ranged from 1.17 (DW-7-D) to 68.4 l&l (DW-8-S). The last round 
only detected PCE from one location (DW-8) at 75 ug/l. Results are summarized in 
Appendix G, Table G-8. The VDEQ standard for PCE in surface water (3519 us/l) was 
exceeded by both samples from SW-2; other samples fall below the standard. 

The hydropunch survey detected PCE at 15 locations (1.6 ug/l to 452 ug/l). The highest 
concentrations were northwest of the QADSY area and typically at a depth of 15 feet. 
Hydropunch results are summarized in Table G-3. None of the hydropunch samples exceeded 
the VDEQ PCE standard. 

5.2.1.2 Trichloroethene 

The first sampling effort indicated TCE in 13 samples, ranging from an estimated 2 ug/l up to 
560 ug/l. Again, the samples from SW-2-l (560 ug/l) and SW-2-2 (490 ug/l) were most 
impacted, and the samples from SW- 1 - 1 (66 ug/i, estimated) and SW-1 -2 (34 ug/l, estimated) 
had moderate concentrations. Downgradient samples SW-6- 1 and GW-l-l (47 and 39 ug/l, 
respectively) reflect the formation of the contaminant plume to the west and southwest. 
Interestingly, TCE was not noted in the deep samples from either well. The concentration 
observed in the sample from DW-1 may represent the lower limit of the TCE plume at the 
site. TCE concentrations in samples from SW-3-2 (6 ug/l), SW-4-1 (9 ug/l), SW-4-2 
(10 l&l), and SW-5-l (2 pg/l, estimated) may reflect smaller, undefined spills across the 
area. The wells installed in January 1993 yielded low TCE concentrations, ranging from 3.03 
(SW-9-10) to 37.3 ug/l (DW-7-D). Results are summarized in Appendix G, Table G-8. The 
VDEQ surface water standard for TCE in surface water (807 ug/l) was not exceeded in any of 
the samples. 

The hydropunch survey detected TCE in 55 samples ranging from less than 2.0 ug/l to 1371 
us/l (HP-15-35). The results are summarized in Table G-3. The highest concentrations were 
found due west and northwest of the QADSY. Also noted was the predominance of high 
concentrations found at the 15-foot and 35-foot sampling depth interval, generally decreasing 
at successively greater depths. Samples HP-l l-35 and HP-l 5-35 exceeded the VDEQ TCE 
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surface water standard (807 pg/l). Only two groundwater samples detected TCE during the 
sampling last round: DW-7 and DW-8 at 20 and 18 pg/l, respectively. 

5.2.1.3 I,1 1 1 -Trichioroethane 

l,l, 1 -TCA was detected in 11 samples ranging from an estimated 1 pg/l up to 1100 pg/l. 
Sampies SW- l-l and SW- 1-2 were most impacted at 1100 and 690 pg/i, respectively. This 
marks a change from the TCE and PCE results, which were highest in SW-2. It is not clear 
if previous storage practices may have dictated the distribution of contaminants (i.e., if 
TCE/PCE was placed in the east of the HM area and l,l,l-TCA to the north). Significant 
concentrations were noted, however, in samples SW-2-l and SW-2-2 (390 and 270 &l). 
Lower concentrations were observed in samples SW-4-l (3 pg/l, estimated), SW-4-2 (3 pg/i, 
estimated), SW-6-l (1 pg/l, estimated), DW-1 (3 pg/l, estimated), GW-3-1 (4 pg/l, estimated), 
and GW-3-2 (3 pg/l estimated). No VDEQ surface water standard exists for l,l, l-TCA. 

5.2.1.4 1,2-Dichloroethane 

Sampling for 1,2-DCA was performed during the second sampling effort. 112-DCA was 
detected in one hydropunch sample (HP-S-35) at a level of 460 pg/l (Table G-3). No 
1,2-DCA was detected in the wells installed during the second sampling effort. The VDEQ 
surface water standard for 1,2-DCA (990 pg/l) was not exceeded by any samples. 

5.2.1.5 1,2-Dichloroethene 

1,2-DCE was detected in 10 samples ranging from 22 to 500 pg/l; the highest concentration 
was in downgradient sample GW-l-l. Significant concentrations were also observed in onsite 
samples SW-l-l (230 pg/l), SW-l-2 (130 pg/l), SW-2-l (430 pg/l), and SW-2-2 (400 &l). 
The other downgradient well samples SW-6-1, SW-6-2, DW-7, and SW-9 contained 50, 120, 
22, and 32 pg/l (estimated), respectively. There is no VDEQ surface water standard for 1,2- 
DCE. 

5.2.1.6 I, 1 -Dichloroethane 

1 ,l-DCA was detected in 10 samples ranging from 2 pg/l (estimated) up to 540 pg/l. The 
highest concentrations were observed in onsite well samples SW-2-l (520 pg/l) and SW-2-2 
(540 pg/l). Significant concentrations were also observed in samples SW- l-1 (290 @l), 
SW-l-2 (240 pg/l), SW-4-1 (13 pg/l), SW-4-2 (21 pg/l), SW-6-l (13 pg/l), BGSW-8-1 and 
BGSW-8-2 (each with 4 pg/l, estin-zrred), GW-1-l (21 pg/l), GW-3-1 (2 pg/l, estimated), and 
GW-3-2 (2 pg/l, estimated). As a : :sult of the second sampling effort, l,l-DCA was detected 
in three wells, ranging from 2.5 pg,~ (shallow SW-lo) to 21.9 pg/l (DW-3D). No VDEQ 
surface water standard exists for l,l-DCA. The last sampling effort detected 1,l -DCA in 
DW-3 only (9 pg/l, estimated). 

5.2.1.7 Acetone 
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Acetone was detected in 22 samples and was the most ubiquitous VOC contaminant. Acetone 
is a common laboratory contaminant, and several samples were flagged by the data vahdator 
as being influenced by laboratory contamination. 

Concentrations ranged from 7 pg/l (estimated) up to 1300 pg/l. The highest concentrations 
were observed in samples from wells within the HM area: SW-l-l (1300 p-g/i), SW-I-2 (830 
pg/l), SW-2-l (960 pg/l), and SW-2-2 (920 pg/l). Significant concentrations were also 
observed in SW-6-2 (460 pg/l, estimated), SW-7-2 (78 pg/l), GW- l-1 (110 pg/l), and 
GW-4-1 (170 pgil). Lower estimated concentrations were noted in SW-4- 1 (7 pg/l) and 
SW-7-1 (9 pg/l). The remainder of the detected concentrations were flagged as probably 
being the result of laboratory contamination during the analysis. The concentration observed 
in BGDW-2 (160 pg/l) is likely the result of residual contamination from the drilling mud 
used to install the deep wells. An analysis of the drilling mud detected 690 pg/kg acetone. 

The pattern of higher onsite levels, with corresponding lower levels in downgradient wells, is 
repeated with acetone, conr%rning its presence as a site contaminant. No VDEQ surface water 
standard exists for acetone. 

5.2.1.8 I,1 -Dichloroethene 

P--. 1,l -DCE was detected in 11 samples ranging from an estimated 1 pg/l up to an estimated 140 
pg/l; the highest concentration was noted in SW-2- 1. 1,l -DCE was also observed in SW-l-2 
(97 pg/l, estimated), SW-l-l FD (33 pg/l), SW-4-1 (28 pg/l), SW-4-2 (41 pg/l), SW-5-2 (1 
pg/l, estimated), SW-6-l (13 pg/l), BGSW-8-l and BGSW-8-2 (6 and 4 pg/l, estimated), 
BGDW-2 (3 pg/l, estimated), and DW-1 (3 pg/l, estimated). 

Again, the highest concentrations were observed in onsite wells, with lower concentrations in 
the downgradient wells. l,l-DCE detected in SW-4 and SW-5 may be the result of smaller 
spills in the TA. I,1 -DCE was also observed at low concentrations in all of the background 
samples; no explanation can be offered for this. No VDEQ surface water standard exists for 
1,l -DCE. 

5.2.1.9 Carbon Tetrachloride 

Carbon tetrachloride was detected in three samples, all from well SW-l. An estimated 
120 pg/l was observed in SW- l-l (72 pg/l in its field duplicate), and an estimated 84 pg/l 
was observed in sample SW-l-2. Because it was not observed in other wells, its presence 
may be the result of localized contamination around SW-l. All three samples are above the 
VDEQ standard for carbon tetrachloride in surface water (45 pg/l). 
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5.2.1. IO Methvlene Chloride 

Methylene chloride was detected in 21 samples ranging in concentration from 4 to 780 pg/l. 
As with acetone, methylene chloride is a common laboratory contaminant, and many of the 
samples were flagged by the data vaiidatory as being impacted by laboratory contamination. 
Only the following samples were not flagged and are considered usable in this report: SW-3- 
2 FD (9 pg/l), SW-4-l (9 pg/l), and SW-7- 1 (10 pgil). No VDEQ surface water standards 
are set for methylene chloride. 

5.2.1 .I 1 Chloroform 

Chloroform was detected in three samples: SW-3-l (1 pg/l, estimated), BGDW-2 (19 pg/l), 
and DW-1 (60 yg/l). The presence of chloroform in samples from the two deep wells may be 
due to the use of drilling muds in installing the wells: analysis of the mud detected 270 p-s/l 
of chloroform (Table G-4). The VDEQ standard for chloroform in surface water (4700 pg/l) 
was not exceeded. 

5.2.1.12 Bromodichloromethane 

Bromodichloromethane was detected in three samples: SW-l-1 (120 pg/l, estimated), SW-l-2 
(120 pg/l, estimated), and DW-1 (4 pg/l, estimated). The presence of the compound in the 
sample from DW-1 may be attributed to residual contamination from the mud used in 
installing the well (Table G-4). Its presence in samples SW-l-1 and SW-1 -2 (but not the 
duplicate sample from SW- l-l) may be due to a localized spill. No VDEQ surface water 
standards exist for bromodichloromethane. 

5.2.1.13 Extent of VOC Contamination 

By interpreting the total VOC concentrations in each well, it is possible to evaluate the 
approximate extent and concentration of contamination (the contaminant plume), regardless of 
the specific mobility of individual compounds. The same method is applicable to individual 
compounds by using the concentrations noted in each well to determine the area1 extent of 
contamination. The area1 or two-dimensional extent of the contaminant plumes for each 
compound is presented in Figures 5-7 through 5-20. 

The approximate vertical component of the contaminant plume can also be inferred by noting 
the difference in concentration between specific compounds in samples collected in the upper 
portion of the water table, and at -greater depth within the saturated zone from each location. 
The vertical extent for total VOCs and specific chemicals can be seen in Figures 5-22 through 
5-27. (Figure 5-21 indicates the line of section for Figures 5-22 through 5-28.) 

The hydropunch survey shows a pattern from which contaminant plumes can be inferred. The 
general trend in VOC contamination is movement west and northwest, toward the sea wall on 
the Elizabeth River. As noted on Figures 5-29 and 5-30 the concentrations of PCE and TCE 
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at 15 feet in depth are highest around the fence between the northwest corner of the QADSY 
storage yard and the adjacent parking lot and near the sea wall. These two high-concentration 
areas are also distinguishable at 25 feet in depth for PCE contamination (Figure 5-31). At 25, 
35, and 45 feet (Figures 5-32 through 5-34) with respect to TCE contamination, the two areas 
of higher concentration merge and one large plume can be inferred. At depths of 55 and 65 
feet, the high concentration areas for TCE are once again separate (Figures 5-35 and 5-36). 

Figure 5-6 indicates the location of the TCE concentration cross-sections. Cross-sections A- 
A’ and B-B’ (Figures 5-37 and 5-38) show the highest concentration at approximately 300 
feet east of the bulkhead and 35 feet below surface. Cross-section B-B’.presents two high 
concentration values. 

TCE contamination was the most ubiquitous, followed by PCE; very few detections of 1,2- 
DCA were noted. The dispersal of high concentration readings throughout the area of study 
suggest many source points for the contamination. 

5.2.2 TPH 

A total of 25 groundwater samples (including field duplicates) were analyzed for TPH. Of 
these, 11 were found to have detectable TPH concentrations: SW-l-l, SW-l-l FD, SW-2-1, 
SW-5-1, SW-5-2, SW-6-1, SW-6-2, SW-7-1, SW-7-2, BGSW-8-1, and BGSW-8-2. The 
remaining samples had no evidence of TPH contamination. With the exception of SW-l-2, 
TPH was detected in all of the samples below the 1 ppm VDEQ standard for TPH in 
groundwater. The concentration of TPH in SW-1 -2 was between 1 and 5 ppm (the 
concentration could not be refined any further). The analytical data are summarized in 
Appendix G, Table G-9. 

5.2.3 IOCs 

During the first sampling round, groundwater samples were collected from the deeper (25- 
foot) interval at nine wells (SW-l, SW-2, SW-3, SW-4, SW-5 and background well SW-8 in 
October 1990 and existing wells GW-1, GW-3, and GW-4 in January 1991) and analyzed for 
IOCs. The same analyses were performed for samples taken in October 1992. Filtered and 
unfiltered samples of SW-2, SW-5, SW-S, DW-1, DW-2, and one surface water sample from 
Willoughby Bay were taken at this time. Filtered and unfiltered samples from DW-3 through 
DW-8, SW-g, and SW-10 were also collected for IOCs in May 1995. 

Results of the first sampling were as follows: 

l A total of 10 metals were detected in the samples including: antimony, arsenic, 
beryllium, cadmium, chromium, copper, lead, mercury, nickel, and zinc. 

l A number of analytes exceeded VDEQ standards for groundwater in the samplies from 
three wells: SW-2, SW-4, and SW-5. 
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l The VDEQ groundwater standard for arsenic (50 ug/l) was exceeded in two samples: 
SW-2-2 (171 ,ug/l) and SW-5-2 (337 pg/l). 

l The VDEQ groundwater standard for cadmium (0.4 pg/l) was exceeded in four 
samples: SW2-2 (8 ug/l), SW-4-2 (15 ugil), SW-j-2 (96 ug/i), and GW-4-2 (8 pg/l). 

l The VDEQ groundwater standard for chromium (50 pg/l) was exceeded in four 
samples: SW-2-2 (281 pg/l), SW-4-2, (206 ug/i), SW-5-2 (1120 pg/l), and GW-4-2 
(63 /-d). 

l The VDEQ groundwater standard for lead (50 pgil) was exceeded in samples SW-2-2 
(116 pg/l), SW-4-2 (102 pg/l), and SW-5-2 (516 pg/l). 

l The VDEQ groundwater standard for mercury (0.05 pug/l) was exceeded in samples 
SW-2-2 (0.22 pg/l) and GW-4-2 (0.3 pg/l). 

l The VDEQ groundwater standard for zinc (50 pg/l) was exceeded in three samples: 
SW-2-2 (354 pg/l), SW-4-2 (416 ug/l), SW-5-2 (1580 pg/l), and GW-4-2 (101 pg/l). 

The results of the second sampling in December 1992 are as follows: 

l A total of seven metals were detected, including mercury, arsenic, cadmium, silver, 
chromium, antimony, and zinc. 

l Only two samples (filtered SW-5 and DW-2 and unfiltered duplicate) exceeded VDEQ 
standards for groundwater. 

l The VDEQ groundwater standard for mercury (0.05 pg/l) was exceeded in sample 
SW-5 (filtered) at a level of 0.140 pg/l. 

l The VDEQ groundwater standard for cadmium (0.4 pg/l) was exceeded in one sample 
(the field duplicate of well DW-2, sample FD-1, unfiltered) at a level of 0.5 &l. The 
other sample at DW-2 (unfiltered) measured ~0.1 pgil. 

l Antimony was detected in all samples collected at concentrations over 50 pg/l. No 
VDEQ groundwater standards currently exist for antimony in groundwater. 

The results of the last sampling in May 1995 are as follows: 

l The VDEQ groundwater standard for cadmium (0.4 pg/l) was exceeded in five 
samples: filtered DW-3 (5.7 pg/l), unfiltered and filtered DW-5 (7.3 and 8 @l), 
unfiltered and filtered DW-6 (5.8 and 5 pg/l), unfiltered and filtered SW-9 (4.4 and 6 
&l), and unfiltered SW-1 0 (4 pg/l). 
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The results for the first sampling event are presented graphically in Figure 5-28. The 
analytical data are summarized in Appendix G, Table G-l 0. The analytical data for the 
second event are summarized in Appendix G, Table G-l 1. 

The analytical results of the first sampling suggest that groundwater quality was impacted by 
IOCs in the vicinity of wells SW-2, SW-4. SW-5, and GW-4. Subsequent sampling s.howed 
low levels of metals, except SW-5, which exceeded the standard for mercury. Background 
sample analyses indicate low or non-detectable levels of the analytes of concern. Sample 
results appear to indicate that groundwater quality, with respect to IOCs, may be improving. 

5.2.4 SVOCs 

Groundwater samples collected in May 1995 indicated that one SVOC, bis(2-ethylhexyl) 
phthalate was estimated in DW-3 (8 pg/l), DW-4 (6 pg/l), DW-5 (4 pg/l), DW-6 (8 pg/l), 
DW-7 (1 pgA), SW-9 duplicate (3 l.tg/l>, and SW-10 (2 pg/l) and detected in SW-9 (54 pg/l). 

5.2.5 Summary of Groundwater Contamination 

Analytical data suggest significant groundwater contamination onsite and offsite by VOCs, 
and, to a lesser extent, TPH and metals. The analytical data for VOCs in the TA and the 
results of the hydropunch survey show no discernable consistency; this may be a reflection of 
past area use for loading and storage where no large, long-term sources were developed. 

The VDEQ has developed concentration standards for certain constituents in groundwater. 
However, no groundwater standards have been developed for the VOCs of concern at the 
QADSY. The VDEQ has standards for surface water, in regard to human health and toxicity 
to aquatic life. In particular, the standards for nonpublic surface water supplies have been 
chosen for comparison to VOC concentrations in groundwater samples from the QADSY 
because groundwater standards are not available (Table 5-5). Although the surface water 
standards may be more stringent than necessary for groundwater, they are used as a point of 
reference. The nonpublic water supply standards were chosen for comparison because such 
water use most closely parallels water use at the QADSY (i.e., the aquifer is not used for 
potable water and potential contaminant migration is not expected to affect any drinking water 
wells). 

5.2.5.1 vocs 

Shallow Wells 

In the shallow wells, VOC contamination is most severe beneath the HM area and the 
northern-most portion of the PPA. Total VOCs in the HM area peak at 7800 &l in SW-2, 
with contamination by PCE, TCE, l,l,l-TCA, 1,2-DCE,l,l-DCE, l,l-DCA, carbon 
tetrachloride, and acetone. A similar list of contaminants is observed in monitor well SW-l, 
150 feet to the north. Many of the same contaminants are also observed (in much lo w er 
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concentrations) in SW-6 and GW-1 to the west and southwest (total VOCs, 671 and 718 pg/l, 
respectively), but not in SW-3 (total VOCs, 13 pg/l) to the southeast of SW-2, indicating flow 
and the formation of a plume to the west. The only contaminant noted in the shallow 
background well (SW-8) is l,l-DCE at estimated concentrations of 4 pg/l in the shallow 
(lo- 15 feet) portion and 41 pg/l in the deeper (20-25 feet) portion. No VDEQ groundwater 
standards have been developed for any of these compounds; VDEQ standards for surface 
water (nonpublic supply) are exceeded by TCE and PCE in SW-2 (Table 5-5). TCE surface 
water standards are exceeded in HP-1 1-35 and HP-1 5-35. Carbon tetrachloride exceeds the 
standard in SW-1 and SW-2. No standards are in place for 1,2-DCE, 1,l -DCA, acetone, 
1,l -DCE, methylene chloride, and bromodichloro-methane. Shallow wells outside the 
QADSY (SW-9 and SW-1 0) show only low levels of PCE and TCE. 

Smaller plumes may have formed beneath the TA as identified by the concentrations of total 
VOCs in SW-4 and SW-5 (60 and 76 pg/l, respectively), but the lack of any discernible 
pattern or contaminant plume and the absence of similar contaminants, even at low levels, in 
downgradient well SW-7 suggest that these plumes are small and confined to low levels 
beneath the TA only. 

Deep Wells 

In the deep background well (DW-2), VOCs total 182 pg/l. Methylene chloride is excluded 
because it is possibly the result of laboratory contamination. Acetone (160 pg/l), chloroform 
(19 pg/l), and 1,l -DCE (3 pg/l estimated) were also detected. 

VOCs total 75 pg/l in DW-1. Contaminants include methylene chloride (8 pg/l), l,l-DCE (3 
pg/l, estimated), chloroform (60 pg/l), 1 , 1,l -TCA (3 pg/l, estimated), bromodichloromethane 
(4 pg/l, estimated), TCE (2 pg/l, estimated), and PCE (3 pg/l, estimated). Methylene chloride 
is likely the result of laboratory contamination. With the exception of bromodichloromethane, 
all of these compounds are found in higher concentrations in the shallower nested well SW-2. 

No VDEQ groundwater standards exist for any of the listed compounds. There are no VDEQ 
proposed surface water standards for l,l-DCE or bromodichloromethane; the other compounds 
do not exceed their proposed standards (Table 5-5). 

Two deep wells (DW-1 and DW-2) were installed using drilling mud. A laboratory analysis 
of the mud indicated chloroform (270 pg/l), acetone (690 pg/l), and bromodichloromethane 
(52 pg/l, estimated). It is likely that residual drilling fluids left in the formation following 
will installation may have impacted the groundwater samples collected a few days later. Even 
following prolonged development and purging, it is often difficult to remove all traces of well 
installation fluids. The drilling mud composition may explain the concentrations of 
chloroform, acetone, and bromodichloromethane in wells DW-1 and DW-2 (Table 5-4). 

Deep wells (DW-3 through DW-8) drilled during January 1993 outside of the QADSY do not 
show significant levels of the contaminants of concern. 
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5.2.5.2 TPH 

Although detected by the laboratory, the TPH detected in the water samples does not match 
the reference standards or “fingerprints” used in the analysis. Subsequent biodegradation of 
previously existing hydrocarbons may have altered the characteristics of those compounds. 
Groundwater TPH concentrations range from less than 1 ppm up to a value between 1 and 
5 ppm, but are not detected in any of the wells located in the PPA (SW-2, SW-3, and SW-4). 
The VDEQ groundwater standard for TPH in groundwater is 1 ppm. It is difficult to draw 
conclusions regarding the impact, fate, and transport of hydrocarbons in the groundwater; 
however, they appear to be minimal. 

5.2.5.3 IOCs 

Groundwater contamination by IOCs is apparent beneath the TA, the northwestern part of the 
and the vicinity of GW-4. During the first sampling event, VDEQ groundwater standards 
were exceeded for cadmium, chromium, and zinc in wells SW-2, SW-4, SW-5, and GW-4 
and for arsenic in wells SW-2 and SW-5. The standard for lead was exceeded in wells SW-2, 
SW-4, and SW-5. SW-5 exceeded the standard for mercury during the second sampling 
event. The cadmium groundwater standard was exceeded in well DW-2 (FD) during the 
second sampling event. No metal standards are exceeded in the background well or from the 
second round of sampling except cadmium and mercury (discussed above). IOCs were not 
collected during January 1994 due to the results of the second round of sampling. The 
cadmium groundwater standard was exceeded in DW-3, DW-5, DW-6, SW-9, and SW-10 
during the last sampling event. Groundwater quality may be improving with respect to IOCs. 

5.3 Sediment 

Sediment samples were taken on 21 January 1993 from storm drainage conduits in the 
QADSY. Sample SD-1 was collected south of monitor well SW-4, and sample SD-2 was 
collected from the storm drain in front of the QADSY trailer (Figure 5-l). Samples from the 
two drains were analyzed for IOCs, TCL pesticides and PCBs, TPH, and TCL VOCs. 

5-25 



REVISED DRAFT FINAL 5913-5OJAVFAC - QADSY Final RI.5-26 
5196 

53.1 IOCS 

Few guidelines or regulatory standards exist to compare analysis results with respect to total 
metal contamination in soil. The EPA Region V office has established guidelines for 
pollutional classification of Great Lakes Harbor Sediments, and analytical results were 
compared to these (Fitchko, 1989). Results were also compared to element concentrations in 
soils in the eastern United States (Shacklett and Boerngen, 1984), and Federal Register 
Proposed Rules 20 May 1992 for concentration-based exemption criteria for hazardous waste 
listing, and Federal Register 27 July 1990, for corrective-action criteria (USEPA, 1990). 
Comparison with the EPA Region V Guidelines may be the most appropriate since it 
specifically addresses sediments. 

The concentration of all IOCs analyzed (Appendix G, Table ti- 12) were well within the range 
of concentrations for natural soils, except lead concentrations in SD-2, which were slightly 
above the range. None of the IOCs were detected in concentrations exceeding the federal 
guidelines or corrective action criteria. 

When analytical results were compared to the USEPA, Region V guidelines, the sediments are 
considered moderately polluted for the following parameters: 

l Arsenic was detected in sample SD-2 at-a level of 5.64 mg/kg. The standard for 
moderately polluted sediments is 3-8 mg/kg. 

l Barium was detected in sample SD-1 at a level of 24.2 mg/kg. The standard for 
moderately polluted sediments is 20-60 mg/kg. 

l Chromium was detected in sample SD-l at a level of 32.4 mg/kg. The standard for 
moderately polluted sediments is 25-75 mg/kg. 

l Manganese was detected in sample SD-2 at a level of 322 mg/kg. The standard for 
moderately polluted sediments is 300-500 mg/kg. 

The sediments are considered heavily impacted for the following elements: 

l Barium was detected in sample SD-1 at a level of 68.5 mg/kg. Heavily polluted 
sediments are those with concentrations greater than 60 mg/kg. 

0 Copper was detected in sample SD-l at a level of 120 mg/kg. Heavily polluted 
sediments are those with concentrations greater than 50 mg/kg. 

l Iron was detected in sample SD-2 at a level of 26,400 mg/kg. Heavily polluted 
sediments are those with concentrations greater than 25,000 mg/kg. 
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l Lead was detected in sample SD-1 and SD-2 at levels of 105 and 350 mg/kg. Heavily 
polluted sediments are those with concentrations greater than 60 mg/kg. 

l Zinc was detected in sample SD-1 at a level of 225 mg/kg. Heavily polluted 
sediments are those with concentrations greater than 200 mg/kg. 

5.3.2 PesticideslPCBs and VOCs 

TCL pesticide/PCB analysis revealed concentrations of the pesticides chlordane and DDT 
homologues (DDE, DDD). Analytical results are found in Appendix G, Table G-12. 
Sediments from SD-1 had a concentration of alpha-chlordane of 17,600 and gamma-chlordane 
of 15,900 pg/kg. For comparison it is noted that these levels exceed the Total Threshold 
Limit Concentration (TTLC) of California’s Hazardous Waste Control Act guidelines for 
identification of hazardous materials. The guideline for chlordane is 2500 pg/kg. DDT 
homologues were detected in both samples, but neither exceeded the guideline levels. 

These pesticides were not detected previously in the TCLP analysis run on soil borings from 
the QADSY, suggesting that these contaminants may have originated in some other area of 
the base. 

TCL VOCs were found below the detection limits for both sediment samples. Analytical 
results are found in Appendix G, Table G- 12. 

5.3.3 TPH 

Both sediment samples were analyzed for TPH as gasoline and as diesel. TPH as diesel was 
detected at a level of 299 l.rg/g in SD-l and 58.3 pg/g in SD-2. The sample from SD-l 
exceeds the VDEQ standard for disposal in an industrial or sanitary landfill. This finding is 
consistent with the sampling locations being near the PPA where TPH was noted, although it 
matched the lube oil standard and not the diesel standard. The soil samples collected in 
December 1992 did indicate TPH as diesel in the northeast corner of the fenced yard. 
Analytical results are found in Appendix G, Table G- 12. 

5.4 Surface Water 

One surface water sample was collected from the Elizabeth River between Piers 10 and 11 
west of the QADSY in October 1992. The surface water sample was analyzed for IOCs. 
Only antimony was detected in the filtered and unfiltered samples at a concentration over 
300 pg/l (Appendix G, Table G-l 1). No standards currently exist for antimony in surface 
water. 
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Table 5-I. VOCs Detected in QADSY Area Monitor Wells 

ND = Compound was analyzed for but not detected. 
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Table 5-2. Total VOCs in Groundwater 

Monitor WelYSample No. 

SW-l-1 

SW-l-2 

SW-2- 1 

s w-2-2 

SW-3-1 

SW-3-2 

SW-4- 1 

SW-4-2 

SW-5-1 

SW-5-2 

SW-6-l 

SW-6-2 

SW-7- 1 

SW-7-2 

BGSW-8-1 

BGSW-8-2 

DW-1 

BGDW-2 

GW-l-1 

GW- l-2 

GW-3- 1 

GW-3-2 

GW-4-1 

G W-4-2 

Interval (from -Surface) Tidal VOCs @g/l)* 

15’ 3446 

25’ 239.5 

15’ 7800 

25’ 6320 

15’ 13 

25’ 15 

15’ 60 

2.5’ 84 

15’ 76 

25’ 67 

15’ 130 

25’ 671 

15’ 9 

25’ 78 

15’ 4 

25’ 41 

35’ 75** 

35’ 182** 

15’ 718 

25’ ND 

15’ 6 

25’ 11 

15’ 1 

25’ 7 

* Values exclude methylene chloride, which was detected in sample blanks. 

** Results could be affected by drilling fluid contamination; chloroform and acetone were 
detected in significant concentrations in the mud used to install the well. 
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Table 5-4. Comparison of Acetone, Chloroform, and 
Bromodichloromethane in Drilling Mud and 

Deep Monitor Well Groundwater Samples 
(Concentrations in jfg/l) 

Analyte Drilling Mud DW-1 BGDW-2 

Acetone 

Chloroform 

690 Undetected 160 

270 60 19 

Bromodichloromethane 52 4 Undetected 
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Table 5-5. Groundwater Samples Exceeding VDEQ Standards 

,. 

. . .:. .’ .‘:, .‘. ‘. . . @EQ S+f+e. I+& $tapdarcj 

Freshwater Aquatic’Life .’ Human Health 

V?EQ 
Gr&dvi;ater 

Public All Other Samples 

:,.--4yStituent ” Z3~q&r$:~~ 
Acute Chronic Water Surface Excee’ding Sample 

“’ . . . : ,T&i&y Q&jty ,,, ,. $p$ies Waters Standard Concent&ion 
.,... .::. . . . . . : vats (kg/l) “’ ” ‘, ‘.‘. : 

PCE -- -- -- 317 3519 SW-2-1 4800 

SW-2-2 3700 

TCE -- -- -- 2.7 807 HP-l 5-35 1371 
HP-I l-35 866 

l,l,l-TCA -- __ __ 3100 -- N/A -- 

I ,2-DCA -- -- -- 3.8 990 NONE -- 

1,2-DCE -- -- -- -- -- N/A __ 

l,l-DCA -- -- -- -- -- N/A -- 

4cetone -- -- -- _- __ N/A -- 

l,l-DCE -- -- -- -- -- -- -- 

Carbon -- -- -_ 2.5 45 SW-l-I 120 
I’etrachloride SW-l-l FD 72 

SW-l-2 84 

Llethylene __ __ __ __ -- N/A -- 
Chloride 

3hloroform 

3romodichloro- 
nethane 

-- -_ -_ 57 4700 NONE -- 

-- -- -- -- -- N/A -- 

FPU - -1 mull -- “‘b’. ! == -- SW- 1-2 l-5 

5-33 



Table 5-5. (Continued) 

;Cbn+tuent 

VDEQ Surface Water Standard 

Freshwater Aquatic Life Human Health 

Public All Other 
Acute Cbr@ Water Surface 

To&city Toxicity Supplies Waters 

Samp!es 
Fxceeding 
Standard 

Sample 
Concentration 

Chromium 60 

Lead 50 

Mercury 0.05 

16’ 

e(l.273[ln(hardness)] 

- 1.460 

2.4 

11* 

e(l 273[ln(hardnas)] 

-4.705 

0.012 

170* 3400* s w-2-2 281 
SW-4-2 206 
SW-5-2 1120 
G W-4-2 63 

50 s w-2-2 116 
s w-4-4 102 
SW-5-2 516 

0.144 0.146 SW-2-2 0.140 
G W-4-2 0.3 
SW-5 (F) 

Zinc 50 e(0.8473[ln(hardness)] 

+0.8604 

e(O 8473(ln[hardness)j 

+0.7614 
s w-2-2 354 
SW-4-2 416 
SW-5-2 1580 
G W-4-2 101 

‘Drinking water and fish consumption 
‘Fish consumption 

*Hardness as calcium carbonate mg/e CACO, 
“Chromium VI 

FD = Field Duplicate 
U = Unfiltered 

F = Filtered 
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6.0 RISK ASSESSMENT 

6.1 Introduction 
The QADSY is located on the Norfolk Naval Base and is part of the Sewells Point N<aval 
Complex. It is located in the northwest corner of the complex, within 1200 feet of both the 
Elizabeth River (to the west) and Willoughby Bay (to the northeast). 

The QADSY was created by a fill operation in the early 1950s and was used as a disposal 
area for dredged materials excavated from Willoughby Bay. The site is a relatively flat, open 
earthen yard covered by crush-and-run gravel: it is bounded on the north and west by 
asphalt-paved parking lots. The site was in use from its creation in the 1950s until 1990, and 
tens of thousands of drums have been stored at the QADSY over the years. A variety of 
materials were stored in 55gallon steel drums, including petroleum products (such as oil and 
lubricants), various organic solvents, paint thinners. formaldehyde, and various pesticides and 
acids. Throughout the site’s history, the northern portion of the yard was used to store 
damaged and leaking drums, 

Section 6.0 is divided into four parts. Section 6.1 is an introduction to risk assessment as it 
applies to QADSY. Section 6.2 is the Human Risk Assessment (HRA), which contains the 
following components: 

.Y@-- 

l 

0 

l 

a 

0 

a 

Identification of chemicals of potential concern (COPCs), including data evaluation 
and COPC selection, 
Fate and transport analysis (contaminant migration to potential receptor points), 
Exposure assessment, including identification of potential receptor populations and 
exposure pathways, and calculation of exposure concentrations and chemical 
intakes, 
Toxicity assessment, 
Risk characterization, and 
Calculation of preliminary remedial goal objectives (RGOs). 

Section 6.3 is the Ecological Risk Assessment (ERA), which contains the same six elements 
as the HRA. A summary of both the HRA and ERA is presented as Section 6.4. 

6.2 Human Risk Assessment (HRA) 
The HI&A was conducted based on guidelines developed by the U.S. Environmental Protection 
Agency (EPA) as outlined in the Risk Assessment Guidance for Superfund (RAGS), Human 
Health Evaluation Manual, Parts A and B (EPA, 1989b, 1991 b), the Dermal Exposure: 
Assessment document (EPA, 1992), the Exposure Factors Handbook (EPA, 1989a), and 
Region III-specific guidance (EPA, 1993a, 1995b). These procedures conform with RA 
guidelines released by EPA’s Office of Health and Environmental Assessment (EPA, 
1986a,b). 
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6.2.1 Selection of Chemicals of Potential Concern (COPCs) 
COPCs are the site-related chemicals that may pose health concerns to humans and/or 
environmental receptors. The data considered in the HRA were taken from ESE and Baker 
Environmental sampling events ( 1990- 1995) and sampling events from a previous contractor 
(Malcolm Pirnie, 1983- 1986). Chemicals detected at QADSY include volatile organic 
chemicals (VOCs), semi-volatile organic chemicals (SVOCs), inorganic chemicals (IOCs), and 
pesticides in soil, and VOCs, SVOCs, and IOCs in groundwater. 

6.2.1.1 Data Evaluation 
The first step in the COPC selection process is to determine which data will be evaluated in 
the HR4. The most recent and/or reliable data were used in the COPC selection process and 
in the calculation of exposure concentrations. The source of the data evaluated is located in 
Appendix J. 

Soil--For soil, data from the five samples collected in 1995 were added to the previous soil 
data as the newer samples were collected from different locations and were analyzed for all 
priority pollutants. The previous data used includes Malcolm Pirnie data (Pirnie, 1988) for 
IOCs, pesticides, and miscellaneous SVOCs. During the previous ESE investigation, the 
majority of the SVOC results were below the limits of detection (DL); however, the DLs 
reported for the SVOC data were relatively high, limiting the usefulness of this data set. For 
this reason, the previous ESE SVOC data were disregarded, and the SVOC data from the 
Malcolm Pirnie report were used. Soil VOC concentrations were based solely on ESE and 
Baker Environmental data because this data exhibited acceptable DLs according to EPA risk 
assessment guidance (EPA, 1989b). 

Groundwater--The groundwater data available for the site include IOCs, an SVOC, and 
VOCs in the aquifer. Previous samples from the wells located directly on the storage yard 
were sampled for the full complement of VOCs and IOCs, while the samples collected from 
locations to the west of the storage yard were analyzed for TCE, PCE, and 1,2-DCA. The 
primary concern with respect to evaluating groundwater data is the potential for groundwater 
contaminants to volatilize into indoor air in structures located above the contaminant (TCE 
and PCE) plumes. 

Different data sets were used to evaluate the shoreline concentrations of VOCs and IOCs. The 
method used for the VOC concentrations was based upon the TCE and PCE plumes in 
groundwater that have been well delineated at the site and are assumed to represent the area 
with the highest VOC contamination. A subset of the VOC data from the well locations 
within the plume areas was developed so that a worst-case estimate of the indoor air impacts 
could be addressed. The wells included in the evaluation of the VOC concentrations in 
groundwater were the following: SW-l-l, SW-I-IFD, SW-l-2, SW-2-1, SW-2-2, SW-6-1, 
SW-6-2, SW-4-1, SW-4-2, DW-I, GW-I-1, GW-I-2. 

The TCE and PCE concentrations at the shoreline were well defined; therefore, a subset of the 
shoreline wells was used to evaluate these two contaminants. The subset of wells that was 
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used for TCE and PCE shoreline groundwater concentrations included: SW-9, SW-IO, DW-5, 
DW-6, HP-lo, HP-11. HP-13, HP-153 and HP-17. 

The groundwater IOC data were chosen as a whole because a subset of the data may not be 
representative of the IOCs at the shoreline. Since the source of the IOCs may not be 
co-located with the VOCs and the migration of IOC contamination in groundwater may be 
totally independent of VOC migration, all groundwater data were used to evaluate IOC data. 

Eight groundwater samples were collected in 1995 and analyzed for full-scan priority 
pollutants. The previous data from the eight wells sampled in 1995 were replaced with the 
new data for those wells. Previous data from the wells not sampled in 1995 were kept in the 
groundwater data set. 

Data Qualifiers--Based on EPA guidance (1989b), groundwater and soil data flagged with a 
“J” (estimated concentration) or “L” (result may be biased low) were used the same way as 
data that do not have these qualifiers to ensure that ^a site-related chemical was not 
overlooked. Groundwater organic data and soil data qualified with a “B” (chemical found in 
associated blank) were not included in the data set to be evaluated. However, groundwater 
inorganic data flagged with a “B” was included because in this set of data “B” signifies that 
the chemical was detected above the instrument DL but below the required method DIL. 
Although the detection is questionable, it has been considered. 

6.2.1.2 COPC Selection 
Methodology for Selecting COPCs--After the appropriate dataset to be evaluated is 
determined, site-specific COPCs are chosen. COPCs are the site-related chemicals that may 
pose the most critical health concerns to human health and/or ecological receptors. According 
to EPA Region III guidance (1993a, 1995b), the first step in selecting COPCs is to relduce the 
total list of detected chemicals to a more manageable number of chemicals by comparing the 
maximum detected concentration to a risk-based concentration (REX). RBCs were developed 
by Region III for soil, drinking water, air, and fish tissue using protective default exposure 
scenarios and a target health index (HI) or lifetime cancer risk of 0.1 or 1 x 10e6, respectively. 
Such a screening results in a list of COPCs that is limited to contaminants and exposure 
pathways at a site that are believed to pose the highest potential for adverse impacts to 
humans and/or ecological receptors. 

The RBC screening process is used as follows (EPA, 1993a): 

l The maximum concentration of each chemical detected in each medium is 
compared to the appropriate RBC. 

l If the maximum concentration exceeds the RBC for that medium, the chemical is 
retained in the HRA for all exposure routes involving that medium; otherwise, the 
chemical is not further evaluated for that medium. 

l If a chemical does not exceed its RBC in any medium, the chemical is not further 
evaluated in the HRA. 
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l If no chemical in a specific medium exceeds its RBC, the medium is not further 
evaluated in the HRA. 

While this procedure reduces the number of chemicals to be addressed in the HRA, EPA 
region-wide and Region III guidance requires that a series of activities be conducted following 
the screening evaluation to ensure that any chemicals eliminated during screening may be re- 
included based on special properties that are not addressed in the initial screening. These 
special properties listed in both EPA region-wide and Region III guidance include the 
following: 

l Historical Information--chemicals reliably associated with site activities should be 
retained; 

l Exceptional toxicity--chemicals that are known human carcinogens should be 
retained; 

l Mobility, persistence. or bioaccumulation--chemicals that are mobile, persistent or 
bioaccumulate, should be retained as the screening process does not address these 
properties; 

l Special exposure routes--some chemicals with significant exposure routes that are 
not addressed in the screening process (i.e., dermal absorption; ecological 
exposure); 

l Special treatability problems--some chemicals are more difficult to treat than others 
and, as a result, should remain as COPCs because of their importance during the 
selection of remedial alternatives; 

l ARARs exceedance--chemicals exceeding a chemical-specific ARAR should be 
retained; and 

l Toxicity equivalence of chemical class [e.g., chlorinated dibenzodioxins 
(CDDs)/chlorinated dibenzofurans (CDFs), PAHs]--chemicals with toxicity 
equivalents should be retained because this chemical-specific evaluation is not 
addressed in the screening process. 

A summary of the COPC screening process conducted for each exposure medium is described 
below. 

Selection of Soil COPCs 
Risk-Based Concentration Screening--As a first step in reducing the number of soil COPCs, 
the maximum concentration of each chemical detected in soil was compared to a RBC 
developed using EPA Region III methodology (EPA, 1995b) and the most recent toxicity data 
available from EPA [Integrated Risk Information System (IRIS), 1996; Health Effects 
Assessment Summary Tables (HEAST), 1995a; Region III’s Risk-Based Concentration Tables, 
1995b]. A chemical was removed from the list of COPCs if the maximum detected 
concentration was less than the RBC for residential soil ingestion. 

Of the 59 chemicals detected in site soils, the only chemicals exceeding RBCs were the IOCs 
arsenic and thallium and the nitroaromatic SVOCs 2,4-dinitrotoluene and N-nitrosodi-n- 

6-4 



REVISED DRAFT FINAL 5913-6iNAVFAC - QADSY Final RI.l-5 
5196 

propylamine (Table 6-l). Further evaluation of the data showed that several chemicals 
dropped from the COPC list were known or suspected to have been constituents of materials 
stored at the site and were detected at concentrations only slightly below the RBC. Following 
EPA region-wide and Region III guidance (EPA, 1989b, 1993a), several of these chemicals 
were re-included on the soil COPC list. As several types of petroleum-based compounds were 
stored at the site, all potentially carcinogenic PAHs were added to the COPC list. These 
chemicals include benz(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, 
benzo(k)fluoranthene, chrysene. and indeno( 1,2,3-cd)pyrene. In addition, historical information 
indicates that pesticides were stored at QADSY; therefore, aldrin, chlordane (alpha- and 
gamma-), and lindane were re-added to the COPC list. Finally, because no RBCs were 
available to evaluate calcium, magnesium, potassium, and sodium, these IOCs were 
re-included on the preliminary COPC list. 

In addition to specific contaminants, TPH levels at the site were measured. Although this 
group of chemicals is useful for determining the extent of petroleum-based contamination, a 
quantitative risk evaluation is not performed as TPH represents a large group of chem:icals 
that varies from site to site; thus, toxicity criteria are unavailable. While a large percentage of 
TPH is typically composed of long, straight-chain hydrocarbons of relatively low toxicity, a 
small percentage of TPH can also be comprised of the more toxic aromatic compounds, such 
as PAHs. Because PAHs were detected at the site and can be a component of TPH, tlhe 
carcinogenic PAHs were included as COPCs as a surrogate for evaluating TPH. 

Further Reduction in the COPC List--EPA Region III guidance (1993a) states, “Finally,... 
further reductions in the data set may be justified, based on the status of a contaminant as an 
essential nutrient, low frequency of detection, or no statistical difference between site and 
background levels.” 

The presence of IOCs in onsite samples may or may not be associated with site activities. To 
determine if IOCs are site-related, the concentrations of inorganic preliminary COPCs are 
compared to concentrations in samples collected near the site and considered not to be 
impacted by site contamination. The concentrations of IOCs detected in these samples are 
referred to as background concentrations. Although Region III Guidance suggests using a 
background concentration screening, it does not detail a method for performing the screening. 
Therefore, EPA Region IV guidance (1991e) was followed, which recommends that IOCs be 
included as COPCs if the maximum concentrations detected onsite are greater than twmo times 
the average background concentrations. 

Comparisons of the detected concentrations of inorganic preliminary COPCs in site samples to 
background concentrations are presented in Table 6-2. The maximum concentrations of all the 
inorganic preliminary COPCs (arsenic, calcium, magnesium, potassium, sodium, and t’hailium) 
exceed 2 times the average background level and are retained for further evaluation. 

Site-specific background samples were not collected at QADSY. Regional background. soil 
concentrations are available for many IOCs; however, since site “soils” are actually sediments 
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dredged from a nearby water body, comparison of site concentrations to regional background 
levels is not appropriate. Baker Environmental, who performed the latest round of soil 
sampling and analysis at the QADSY, collected background soil borings during their 
evaluation of the Building LP-20 site, another study area at Norfolk Naval Base. With 
acceptance from the Navy and Baker Environmental, the results of these background soil 
samples were used to evaluate the QADSY soil data. 

Finally, according to EPA region-wide guidance (1989b): 

“Chemicals that are (1) essential human nutrients. (2) present at low 
concentrations (i.e., only slightly above naturally occurring levels), and (3) toxic 
only at very high doses (i.e., much higher than those that could be associated 
with contact at the site) need not be considered further in the quantitative risk 
assessment. Examples of such chemicals are iron, magnesium, calcium, 
potassium, and sodium.” 

A comparison of daily intakes based on the maximum detected concentrations of calcium, 
magnesium, potassium, and sodium to the minimum Recommended Dietary Intakes (RDAs) 
for these nutrients is presented in Table 6-3. Because the calculated intakes for each of these 
inorganics is below the RDA, calcium, magnesium, potassium, and sodium have been 
removed from the list of soil COPCs. 

Final List of COPCs--The final list of soil COPCs is presented in Table 6-5. 

Selection of Groundwater COPCs 
The selection of groundwater COPCs is similar to the process for choosing soil COPCs. Since 
the groundwater beneath QADSY is not potable (see Section 6.2.3.2), it was inappropriate to 
compare chemical concentrations in site groundwater to RBCs developed for tap water 
ingestion. Instead, the maximum concentration of each chemical detected in groundwater was 
compared to a RBC developed based on indoor inhalation of chemicals volatilized from 
groundwater using EPA Region III methodology (EPA, 1995b) and the most recent toxicity 
data available from EPA (IRIS, 1996; EPA, 1995a, 1995b). A chemical was removed from 
the list of COPCs if 1) the chemical was nonvolatile or 2) the maximum detected 
concentration was less than the RBC for residential indoor inhalation. 

Of the 33 chemicals detected in site groundwater, the maximum detected concentrations of all 
twelve VOCs exceeded calculated RBCs (Table 6-4). Therefore. acetone, bromodichloro- 
methane, carbon tetrachloride, chloroform, 1,l -DCA, 1,l -DCE, 1,2-DCEs, methylene chloride, 
PCE, 1,l ,l-TCA, TCE, and vinyl chloride were included on the list of preliminary site 
COPCs. The maximum detected concentrations of each of these VOCs, except chloroform and 
l,l-DCA, also exceeded the EPA chemical-specific maximum contaminant level (MCL). The 
maximum detected concentrations of eight IOCs and bis(2-ethylhexyl)phthalate also exceeded 
drinking water criteria (MCLs); however, as these chemicals are not readily volatile and 
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groundwater beneath the site is not potable. these chemicals were not included on the list of 
groundwater COPCs. 

As none of the organic preliminary COPCs in groundwater are naturally occurring or essential 
nutrients, the preliminary list of COPCs will not be reduced and represents the final COPC 
list for groundwater (Table 6-5). 

6.2.2 Environmental Fate and Transport 
6.2.2.1 Physical and Chemical Properties 
The fate and transport processes of the contaminants detected at QADSY are strongly 
influenced by their physicochemical properties. These properties relate to the environmental 
partitioning and mobility of the chemicals. Some of these properties also effect the chemical 
behavior of the compounds and their susceptibilities to degradation induced by physical and 
biological agents. The physical and chemical properties specific to the exposure concentration 
modelling performed in the HRA (i.e., groundwater to air concentrations) are described in the 
exposure concentrations section (6.2.3.3). The following paragraphs offer general information 
on the different classes of COPCs. 

/- 

PAHs are typically composed of 4 to 5 benzene rings with molecular weights of over 200 
grams per mole (g/mole). They are not very soluble in water, i.e., their solubilities do not 
exceed 0.01 milligrams per liter (mg/L). The vapor pressure values, which range from 
3.0 x lOA to 5.6 x 10s9 mm, suggest that these compounds are not volatile. The Henry’s Law 
Constants are generally lower than 1 x 10e3 atm-m3/mole indicating that these compounds have 
a lower tendency to escape from surface waters. The K, values are higher than 1 .O x 1 O5 
milliliters per gram (mL/g), which strongly suggests that the PAHs would be significantly 
adsorbed by organic materials in the aquatic and subsurface environments. 

Compared to PAHs, VOCs are generally more soluble in water. In addition, VOCs have vapor 
pressures up to six orders of magnitude higher than PAHs. All the VOCs have greater 
tendencies to escape from the aqueous phase as indicated by the Henry’s Law constants 
greater than 1 x 10” atm-m3/mole. 

Compared to organic contaminants, the specific physicochemical properties of metals vary 
considerably more, depending on the existing environmental conditions and predominant 
species of each metal. The halide salts (chloride, bromide, etc.) of several metals, including 
arsenic, tend to be more soluble than carbonate and hydroxide compounds of these ICXs. The 
compounds of metals generally dissolve in aqueous phase by forming ions that do not escape 
into the atmosphere. In some instances, certain species of the dissolved metal ions may be 
converted into forms that can leave an aquatic system and escape into the atmosphere:. 
Redox-sensitive metals such as arsenic, may exist in alkylated species and become gaseous. 

6.2.2.2 Environmental Fate Processes 
Several fate processes take place in environmental media and influence the transport and 
concentration of the organic and metallic contaminants. One process may be closely linked to 
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another because the phase transfer of a chemical in one medium enhances the transformation 
process in another different environmental matrix. 

This can be illustrated when a contaminant adsorbed on a solid matrix moves into the aqueous 
phase where a chemical or biological degradation of the contaminant is favored. Important 
fate mechanisms that can significantly affect the contaminants at the site include microbial 
degradation, or biotransformation. volatilization. and photolysis. Other fate processes that can 
influence metals include chemical speciation, sorption, and precipitation. 

Microbial Degradation/Transformation--Microorganisms such as bacteria and fungi are 
known to be present in the surface and subsurface environments. They participate in the 
transformation and biogeochemical cycling of organic compounds and metals. The degradation 
can either take place under aerobic or anaerobic conditions. 

Biodegradation of a PAH with 2 rings or less occurs more rapidly than the biodegradation of 
PAHs with 3 or more aromatic rings (Perwak et al., 1982). The rate and extent of degradation 
is variable; however, the mechanism appears to be the removal of one cyclic unit at a time. 
Some studies showed that PAHs can be microbially metabolized and transformed into other 
compounds. 

Microorganisms can also metabolize VOCs such as chlorinated methane, ethenes, benzene, 
and chlorobenzene. Parsons and Lage (1984) reported that microbiota degraded PCA and TCA 
via a reductive dehalogenation pathway under conditions of neutral to acidic pH, and an 
absence of oxygen and light in a simulated groundwater environment. Results of laboratory 
studies of Vogel and McCarty (1985) confirmed that PCA can undergo reductive 
dehalogenation under anaerobic conditions. Both PCA and TCA are converted to DCEs and 
then to vinyl chloride, which can be eventually mineralized to carbon dioxide. Thus it is 
possible that vinyl chloride detected at the site could have resulted from the PCA or TCA 
biodegradation. Carbon tetrachloride can also undergo reductive dechlorination and form 
chloroform as one of the degradation products (Smith and Dragun, 1984; Galli and McCarty, 
1989). 

Benzene and chlorobenzene are also known to be metabolized by microbes. A mutant of 
Pseudomonas putida can transform benzene to catechol (Dagley, 1972). Bacterial 
dioxygenases can in turn cleave catechol to yield acid and aldehyde (Chapman, 1972). For 
chiorobenzene, unacclimated aerobic river die-away tests indicate that aqueous biodegradation 
is possible. 

Bacteria, yeast, and fungi can catalyze the modification of metals in the environment. These 
transformations from one form of a metal or element to another affect the concentration and 
distributions of the metallic pollutants. The microbial transformation processes generally 
observed include redox, alkylation, dealklylation, and sulfide precipitation. 
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Alkylation or methylation of arsenic can be catalyzed by microorganisms as part of a 
detoxification mechanism. Arsenic can be methylated by bacteria and fungi to yield dimethyl 
and trimethylarsines (McBride and Wolfe, 1971; Saxena and Howard, 1977; Thayer and 
Brinckman, 1982). The reverse process, dealkylation is also possible and has been studied in 
systems involving arsenic. 

Volatilization--Volatilization is a process of mass transfer of the contaminants from the 
aqueous phase to the air or atmosphere. Chemicals with a Henry’s Law constant of greater 
than 1 x 10e3 atm-m3/mole have a greater tendency to volatilize. 

PAHs, due to their low Henry’s Law constants and vapor pressures, are not expected to 
escape readily from solution to the air. Thus, volatilization is considered to be slow and less 
important for this group of compounds. 

Volatilization is an important fate process for the VOCs. The rate of mass transfer or loss 
from an open water body would be affected by surface and bulk agitation of the liquid 
medium, wind velocity, and temperature. The presence of suspended matter and particulates in 
the water, to which the chemicals can sorb, will influence volatilization. 

/-Q-+-x 

SVOCs would not be expected to volatilize readily owing to their low Henry’s Law 
Constants. In an aquatic environment, these compounds will tend to be preferentially 
adsorbed, thus remaining in only small mass quantities in the aqueous phase. 

The inorganic forms of arsenic and thallium present in the aqueous phase are not expected to 
volatilize. However, the microbial methylation process described previously can transform 
arsenic into volatile species under certain environmental conditions. For instance, arsenic can 
be converted to di- and trimethylarsines that escape from natural waters. The rate of 
volatilization may be retarded by other processes such as adsorption and chemical degradation 
during the upward diffusion of the volatile species from the sediments and underlying water 
column to the air. 

Photolysis--Chemicals present on the soil surface and natural waters can undergo chemical 
degradation by absorbing solar energy. The energy can excite the molecule of the 
contaminants leading to bond cleavage and formation of photolysis products. 

P. 

PAHs--Many of the PAHs detected have 4 to 5 aromatic rings which are susceptible to 
photolytic degradation. One of the most widely studied compounds is benzo(a)pyrene which 
has been reported to undergo photolysis by light with wavelengths in the solar region and 
yield mixture of quinones. The fate process is believed to be mediated by single oxygen 
molecules which are formed through energy transfer from the electronically excited aromatic 
molecule in its triplet state (Andelman and Suess, 1970; NAS, 1972; Neff, 1979). The rate of 
photolysis can be affected by the presence of natural organic and inorganic substances in 
solution. The photolytic degradation of benzo(a)pyrene was found to be inhibited in natural 
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waters with humic acids. Inhibition of photolysis was also observed when benzo(a)pyrene was 
adsorbed onto kaolinite clay. 

Other PAHs would be expected to exhibit photolytic behavior comparable to that of 
benzo(a)pyrene. Chrysene was reported to be potentially susceptible to photolysis and yield 
quinones based on studies involving structurally related compounds such as benzo(a)pyrene 
(EPA, 1985). 

VOCs--Based on an EPA (1979) review, photolysis is considered too slow to be a significant 
factor in influencing the fate of VOCs. No data were found to suggest that PCE or TCE 
undergo photodegradation; however, benzene might be photolytically degraded. However, the 
half life of the process is believed to be longer. It is likely that the other VOCs such as 
carbon tetrachloride, vinyl chloride, and chlorobenzene would exhibit similar photolytic 
behavior. unless new data or future studies indicate otherwise. 

IOCs--No information was found during a literature survey to indicate that photolysis is an 
important fate process affecting the concentration and distribution of the metals in the 
environment. 

6.2.2.3 Contaminant Migration Pathways 
The organic compounds and metals present in the soils at QADSY have the potential to 
migrate to other environmental media and eventually to move toward downgradient locations. 
The five possible migration pathways are: (1) soil-to-groundwater, (2) soil-to-surface water, 
(3) soil-to-air, (4) surface water-to-air, and (5) groundwater-to-air. The rate and extent of 
migration of the contaminants will be strongly influenced by their physicochemical properties 
and existing onsite environmental conditions. In this section, the different migration pathways 
are described. 

Soil-to-Groundwater Pathway--During and after a rainfall event, water moves on the soil 
surface as surface runoff and infiltrates the soil. Leachate percolates the subsurface 
environment, the water carries with it dissolved organic chemicals, soluble metallic species, 
and compounds adsorbed to suspended matter in the aqueous phase. Those chemicals strongly 
sorbed to suspended matter, such as those with high adsorption coefficients (K,, or KJ, would 
be expected to be retained by the upper few inches or feet of the surficial soil. The dissolved 
forms can continue migrating downward. However, only a certain fraction of the total 
dissolved compounds is expected to reach the groundwater because adsorption, and other 
dissipation mechanisms may still continue as the solution passes through the vadose zone and 
finally reaches the aquifer. The extent of adsorption will be affected by the chemical structure, 
charge of metallic species, presence of competing species, and hydrogeological factors such as 
porosity, soil texture, depth to water table, and presence of layers +‘I low hydraulic 
conductivity. In some instances, solution chemistry factors such as pi-1. redox potential, and 
ionic strength may exert significant influence on leaching. 
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Soil-to-Surface Water Pathway--Part of the rain water that does not percolate can move 
over the surficial soil to low-lying areas as surface runoff. This runoff can transport t.he 
dissolved chemicals and metallic species from the source areas to drainage systems and nearby 
surface water bodies such as streams and creeks. In addition, metals and organics sorbed onto 
particulates or coated onto moving soil particles can be transported with the surface runoff. As 
the surface water moves or stagnates in certain locations. some speciation and transformation 
of metals can occur depending on the pH, presence of oxidizing and reducing agents, levels of 
organic matter and inorganic ligands picked up during the transport. Organic compounds in 
standing water runoff can potentially undergo photolysis and volatilization. 

Soil-to-Air Pathway--Organic contaminants and metals in the ground surface and near the 
surficial soils can be released into the atmosphere either by volatilization, fugitive du:;t, or 
particulate emission. Compounds such as VOCs would be expected to be lost by volatilization. 
For compounds with low vapor pressure and high K,,, volatilization is considered to be of 
lesser importance. However, these compounds, along with metallic species sorbed onto fine 
soil particulates. may be released to the air via dust -or particulate emission due to wind-driven 
currents or other mechanical disturbances of the surface soil (i.e., through human activities). 
This mechanism of contaminant transport, however, may not become a significant pathway if 
the contaminated surface soil is covered by grass and other barriers. 

Surface Water-to-Air Pathway--Contaminants that eventually reach surface water bodies, 
such as streams and creeks, have the potential to migrate to the atmosphere. These 
contaminants are usually VOCs that have relatively high vapor pressures and Henry’s Law 
Constants (>l x 10S3 atm-m3/mole). The volatilization loss rate would be influenced by surface 
and bulk agitation, wind current, temperature, and presence of materials in the aqueous phase 
that inhibit the actual mass transfer to the atmosphere. Volatile contaminants, such as VOCs, 
reaching the atmosphere can undergo fairly rapid photooxidation with hydroxyl radicals. 

Groundwater-to-Air Pathway--Volatile contaminants in the groundwater can diffuse through 
the soil pore spaces and finally reach the soil surface and surrounding air. This subsurface 
volatilization pathway is affected by depth to the water table, moisture content of the soil 
column, and soil texture of the vadose zone. When the moisture content is low, the water 
table is shallow, and the soil is predominantly sandy, volatilization from the groundwater is 
highly favored to occur. When the air porosity is low, water table is deep, and moist silt and 
clay abound in the unsaturated soil column, groundwater-to-air pathway would not be 
significant. 

6.2.3 Exposure Assessment 
The exposure assessment uses information obtained from the site characterization and the 
environmental fate and transport analysis to identify significant complete exposure pathways 
and to estimate actual or potential COPC concentrations for each exposure pathway. 
Behavioral or physiological factors influencing exposure frequency and exposure levels are 
then presented in a series of exposure scenarios as a basis for quantifying chemical intake 
levels by receptor populations for each significant completed exposure pathway. Results of the 
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exposure assessment are used in conjunction with the information summarized in the toxicity 
assessment to determine the potential human health risks associated with the site. 

6.2.3.1 Receptor Identification 
The human receptors for which risks are evaluated are current worker, future worker, and 
future resident, A current worker is assumed to work in and around the storage shed on an 
infrequent basis. The future worker is evaluated in the event the area above the contaminant 
plume is developed into a standard work area in which employees are exposed on a daily 
basis. The future residential scenario is highly unlikely due to the industrial nature of the site; 
however, as requested by EPA Region III, the risks are being evaluated to account for all 
potential land use scenarios. Due to the facility’s “open gate” policy, the potential for a 
trespasser to be present at the site does exist. However, because the frequency of exposure of 
a trespasser would be less than that of the future worker, the future worker scenario is 
considered a more conservative evaluation than a trespasser scenario. 

6.2.3.2 Exposure Pathways 
An exposure pathway is the route over which a chemical or physical agent migrates from a 
contaminant source to an exposed population or individual (receptor) and also describes a 
unique mechanism by which the receptor may be potentially exposed to chemicals or physical 
agents at or originating from the site. For an exposure pathway to be complete, the following 
four elements must be present: 

l A source or release from a source (e.g., vapor emissions released from groundwater 
to air); 

l A likely environmental migration route (e.g., volatilization of a site-related 
chemical or physical agent); 

l An exposure point where receptors may come in contact with site-related chemical 
or physical agents (e.g., local creek); and 

l A route by which potential receptors may be exposed to a site-related chemical or 
physical agent (e.g., inhalation of vapors). 

If any of these four elements is not present, the exposure pathway is considered incomplete 
and is not expected to contribute to the total exposure from the study area. A screening of 
each exposure pathway element was conducted for each area of interest to identify significant 
completed exposure pathways. This screening ensures that the risk characterization focuses 
only on the completed exposure pathways and eliminates from further consideration those 
pathways that are incomplete. Each of the four components of the potentially completed 
exposure pathways is discussed in-the following sections. The exposure equations and factors 
used for the HRA are described in Appendix K. 

Water Consumption Pathway--Domestic groundwater consumption is a pathway of concern 
when humans use private wells that tap into the underlying groundwater close to a site. 
Exposure would occur as a result of ingestion, inhalation, and direct dermal contact with 
chemicals during domestic activities. Due to the high salinity of the water below the QADSY 
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the water is not potable; therefore, the groundwater ingestion pathway is not complete. The 
domestic Lvater in the vicinity of the site is supplied by the City of Norfolk Water Authority. 
Under the guidance of State and Federal regulatory agencies, the decision has been made to 
exclude the pathway of groundwater ingestion from the quantitative risk assessment. A more 
complete discussion of the exclusion of site groundwater as a potable water source is given in 
the following paragraphs. 

Justification for the Exclusion of Site Groundwater as a Potable Water Source--Electrical 
conductivity @r&o/cm), pH, temperature (“C) and sample depth were measured in 47 water 
samples from the water table aquifer near and to the west and northwest of the site. Total 
dissolved solids (mg/L) concentrations was estimated from these measurements using a 
method provided by Perkin and Lewis (1980). 

;F--- 

pH ranged from 6.8 to 9.8 with an average of 7.6. Temperature ranged from 9.6 to 18.9 “C 
with an average of 14.6 C. Sampling depth ranged from 15 to 75 ft below land surface. 
Conductance ranged from 103 to 4680 Imhoicm with an average of 1424 pmho/cm. Within 
the observed range of temperature and sample depth, total dissolved solids (mg/L) equals 
approximately 0.7 times conductance (l.mho/cm; the ratio can range from 0.65 to 0.85; within 
this temperature and depth range), and the estimated concentrations of total dissolved solids 
(TDS) ranged from 82 to 3,450 mg/L with an average of 976 mg/L. The average exce:eds the 
state of Virginia secondary drinking water standard of 500 mg/L and indicates a brackish 
water. 

Sixty two percent of the individual samples also exceeded the secondary drinking water 
standard. Total dissolved solids appear to increase slightly with depth as would be expected in 
a zone where fresh infiltrating rainwater is mixing with saltwater intruding from the James 
River estuary. Samples collected within 10 feet of the water table exhibited an average TDS 
of 458 mg/L; samples from 10 to 30 feet below the water table averaged 1,120 mg/L TDS; 
and samples from more than 30 ft below the water table averaged 1,109 mg/L. This alpparent 
trend of increasing salinity with depth was not statistically significant, however. Of the ten 
samples collected within 10 ft of the water table, five (50 percent) exceeded the secondary 
drinking water standard. In addition, 11 percent of all samples exceeded 2,000 mg/L TDS, a 
level that would definitely taste salty and be unacceptable as a water supply for livestock. 

Pumping of this aquifer for water supply would be expected to increase the TDS levels by 
encouraging further saltwater intrusion, thereby negating the use of this aquifer as a potable 

supply * 

;- 

Soil Direct Contact Pathway--Although the majority of the site is paved and gravel-covered, 
the potential for intermittent exposure of persons currently working at the QADSY to 
contaminated soil does exist and is evaluated in this FM. In addition, future industrial and 
residential land use options are evaluated to provide a more conservative estimate of potential, 
though unlikely, future exposure. 
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Soil Ingestion Pathway--The majority of the site is paved and gravel-covered; however, the 
potential for intermittent exposure of persons currently working at the QADSY to 
contaminated soil does exist and is evaluated in this RA. The soil ingestion pathway is based 
on direct ingestion of contaminated surficial soils and may occur during hand-to-mouth 
activities, such as eating or smoking while at the site. This pathway is considered to be 
complete and is evaluated in this RA for a current worker. In addition, future industrial and 
residential exposures are evaluated to provide a more conservative estimate of risk associated 
with potential, though unlikely, future land use. 

Inhalation Pathway--Inhalation can occur from exposure to fugitive dusts from surficial soils 
and from exposure to contaminated air due to volatilization of COPCs from soil and/or 
groundwater. Inhalation of VOCs in air may occur as a result of chemicals volatilizing from 
the underlying aquifer. Exposure by inhalation is expected to be negligible outdoors but may 
be significant indoors where vapors cannot readily disperse (e.g., onsite buildings). Inhalation 
exposure to COPCs that volatilize from groundwater and subsequently accumulate in onsite 
buildings is considered to be a complete pathway and is quantified in this HRA. As the site is 
covered with asphalt and gravel and the remainder is scheduled to be paved in the near future, 
inhalation of fugitive dusts is not considered a complete pathway and is not quantified in this 
HRA. 

6.2.3.3 Exposure Concentrations 
Exposure concentrations are the contaminant concentrations that a receptor may contact at the 
site. Exposure concentrations are the lesser of the maximum detected concentration and the 
upper 95th confidence limit of the mean (UCL,,). This procedure is in accordance with RAGS 
(EPA, 1989b), which states that if there is great variability in measured concentration values, 
the UCL,, will be high, and conceivably could be above the maximum detected value. As a 
result, in these cases EPA recommends that the maximum detected value be used to estimate 
exposure concentrations (EPA, 1989b). Therefore, in accordance with RAGS, the exposure 
concentrations that are used in risk characterization are the lowest of the maximum and UCL,, 
values. 

For those constituents with concentrations below DLs, one-half of the DL (%DL) was used in 
the calculation. Because the UCL,, calculation uses values for undetected constituents that are 
equal to %DL, the calculated UCL,, can be significantly affected by samples where matrix 
interferences have resulted in sample dilution and significantly elevated DLs have been 
reported. In some instances, these elevated DLs result in a UCL,, exceeding the maximum 
concentration of the constituent detected. In these cases, the maximum detected concentration 
instead of the UCL,, was used for quantifying health risks (Appendix I). 

Constituents that were detected at equivalent concentrations in field samples and laboratory or 
field blanks were not included in the risk analysis. 

The data used in the RA were taken from ESE and Baker Environmental sampling events 
(1990-1995) and sampling events from the previous contractor (Malcolm Pirnie, 1983-1986). 
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The most recent and/or validated data were used in the calculation of the exposure 
concentrations for the RA. The following paragraphs explain the methodology used for 
calculating exposure concentrations and also what data gaps were found during the data 
evaluation process. A discussion as to what steps were taken to assure the highest possible 
integrity of the data used in the risk calculations is also included in this section. 

Soil Exposure Concentrations--The 1995 data and the Malcolm Pirnie data were use:d for the 
calculation of IOC, SVOC, and pesticide soil exposure concentrations. During the previous 
ESE investigation, the majority of the SVOC results were below the limits of detectioin. The 
DLs reported for the SVOC data were relatively high, limiting the usefulness of this data set. 
For this reason, the previous ESE SVOC data was disregarded. Exposure concentrations for 
soil VOCs were based solely on 1995 data because this data exhibited acceptable DLs and 
was collected more recently (VOCs are not persistent in surface soils). 

TCLP data for soils at the site were collected during one of the sampling rounds to determine 
the characteristics of the soil for disposal purposes. These data, although useful for 
determining the leachability of contaminants, do not provide information useful in estimating 
the exposure concentration of chemicals in surticiai soil at the site. Therefore, the TCLP metal 
data were not used in the determination of metal exposure concentrations in soil. Due to a 
lack of toxicity data on groups of contaminants, the TPH data are being evaluated 
qualitatively. 

A summary of the soil exposure concentrations is presented in Appendix J, Table J-l. A 
listing of the samples used to calculate the soil exposure concentrations is presented in 
Appendix J, Table J-3. 

Groundwater Exposure Concentrations--The groundwater data available for the site include 
VOCs and IOCs in shallow and deep aquifers. The wells located directly on the storage yard 
were sampled for the full complement of VOCs and IOCs. The samples collected from 
locations to the west of the storage yard were analyzed for TCE, PCE, and 1,2-DCA. Because 
1,2-DCA was not detected in any of the groundwater samples, TCE and PCE were expected 
to be the most significant COPCs at the site. 

As potable use of groundwater under the site is not a completed exposure pathway, the 
primary concern for groundwater contamination is the potential for groundwater VOCs to 
volatilize into indoor air in structures located above the TCE and PCE plumes. 

The methodology for estimating VOC concentrations was slightly different than the method 
used for estimation of the IOC concentrations. The method used for the VOC concentrations 
was based upon the TCE and PCE plumes in groundwater that have been well delineated at 
the site and are assumed to represent the area with the highest VOC contamination. A, subset 
of the VOC data from the well locations within the plume areas was developed so that a 
worst-case estimate of the indoor air impacts could be developed. The wells included in the 
calculation of the UCL,, concentrations for all VOCs except PCE and TCE in ground.water 
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were the following: SW-l-l, SW-l-1FD. SW-1-2, SW-2-1, SW-2-2, SW-6-l: SW-6-2, 
SW-4-1, SW-4-2, DW-1, GW-l-1, GW-1-2. 

The TCE and PCE concentrations at the shoreline were well defined; therefore, a subset of the 
shoreline wells was used to determine the UCL,, concentrations for these two contaminants. 
The subset of wells that was used for TCE and PCE shoreline groundwater concentrations 
included: SW-9, SW-IO, DW-5, DW-6, HP-lo, HP-II. HP-13, HP-15, and HP-17. Shallow 
and deep samples taken from these locations were used to model the TCE and PCE 
concentrations under the building of concern (the storage shed). These groundwater 
concentrations were used to model the indoor air concentrations in that building. 

The IOC groundwater data were chosen as a whole because a subset of the data may not be 
representative of the IOCs at the shoreline. Since the source of the IOCs may not be 
co-located with the VOCs and the migration of IOC contamination in groundwater may be 
totally independent of VOC migration. all groundwater data were used to calculate a UCL,, 
value for use in the surface water and sediment concentration modelling. 

A summary of the groundwater exposure concentrations is presented in Appendix J, Table J-2. 
A listing of the samples used to calculate the groundwater exposure concentrations is 
presented in Appendix J, Table J-3. 

Indoor Air Exposure Concentrations--Volatile contaminants at the site may volatilize from 
the groundwater into the indoor air of buildings located over the groundwater plumes. 
Volatilization of COPCs from the groundwater into onsite buildings is expected to be more 
significant than volatilization from soil. 

It is possible that COPCs in groundwater below the buildings may volatilize via the 
unsaturated soil and accumulate in building air. To evaluate air exposure concentrations in the 
buildings, the following relationships are used (Tucker and Hearne, 1989; Jury et al., 1983): 

F= 
nu 1o13 x Da x H x Cg,,, x 10S3 

(6-l) 
n2 x hp 

Where: 
F = flux (mg/yr-cm’), 

na = soil air porosity = 0.20 (USGS, 1983), 
Da = diffusion coefficient in air (cm2/yr) (Table 6-6), 
H = dimensionless Henry’s Law constant (Table 6-6), 

C 
‘i 

= groundwater exposure concentration (mg/L) (Table 6-6), 
= soil porosity = 0.25 (USGS, 1983), 

h = depth to groundwater = 244 cm (RI), and 
T _ 10 - conversion factor (L/cm3). 
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The flux of a particular COPC (from Equation 6-l) is used in the following reiationshiip 
(Tucker and Hearne, 1989) to determine the concentration of air at the buildings: 

Cair = F x x x lo6 
VAR 

(6-2) 

Where: 
C,i, = office air concentration [milligrams per cubic meter (mg/m3)], 

TAC = the time of exchange for the building air, 
= 1.096 x 10m4 years/exchange for commercial/industrial buildings 

(Ronnberg et al., 1990), 
VAR = the ratio of the building volume to the surface area in contact 

with the soil (i.e., VAR equals the height of the building) 
= 305 cm. and 

lo6 = conversion factor (cm’/m’). 

Using the corresponding chemical-specific parameters from Table 6-6 in Equations 6-l and 
6-2, air exposure concentrations are calculated for the COPCs in the onsite building and are 
presented in Table 6-6. 

6.2.3.4 Intake Estimates 
Chemical intake is the amount of the chemical contaminant entering the receptor’s bofdy. To 
estimate a reasonable maximum exposure (RME), upperbound (upper 90* or 95*) percentile 
exposure concentrations and factors were used, where available. The formulas used to 
calculate human pathway-specific chemical intakes were based on the generic intake equation 
presented in RAGS (EPA, 1989b): 

I 

Where: 
I = 

C= 

CR = 

EF = 
ED = 

BW = 

AT = averaging time, period over which exposure is averaged (days). 

Owlklday) = 
C * CR * EF * ED 

BW * AT 

intake, the amount of chemical at the exchange boundary; 
chemical concentration, the average concentration contacted over 
the exposure period (e.g., mg/L for groundwater); 
contact rate, the amount of contaminated medium contacted per 
unit time or event [e.g., liters per day (L/day)]; 
exposure frequency (days/year); 
exposure duration; 
body weight, the average body weight of the exposed individual 
[kilogram (kg)]; and 
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Potential onsite receptors are current and future workers and future residents who may be 
exposed to outdoor soils and air in onsite buildings. Airborne COPCs are presumed to 
originate in the groundwater contamination. 

Oral and dermal soil intakes are determined using soil exposure concentrations (Appendix J, 
Table J-l) with the corresponding exposure equation and parameters presented in Appendix K. 
Inhalation intakes are determined using building air exposure concentrations (Table 6-6) with 
the corresponding exposure equation and parameters presented in Appendix K. Resultant 
intake values are calculated to determine potential noncarcinogenic and carcinogenic effects in 
human receptors and are presented in Appendix L. 

6.2.4 Toxicity Assessment 
The toxicity assessment section of the RA weighs the available evidence regarding the 
potential for a particular chemical to cause adverse effects in exposed individuals, and 
provides an estimate of the extent of exposure and possible severity of adverse effects. The 
assessments used to develop toxicity values consist of two steps: (1) hazard identification, 
and (2) dose-response assessment. The hazard identification determines the potential adverse 
effects associated with exposure to a chemical along with the types of potential health effects 
involved. In the dose-response assessment, quantification of the toxicity values and estimation 
of reference dose values are performed. 

Since most of the COPCs detected at QADSY are well studied, toxicological assessments and 
water-quality criteria technical documents prepared by EPA served as the primary information 
sources on pharmacokinetics and human health effects. Toxicity factors [cancer slope factors 
(CSFs) for carcinogens and reference doses (RfDs) for noncarcinogens] presented in this 
section reflect the most current toxicological information available from EPA (IRIS, 1996; 
EPA, 1995a, EPA, 1995b) and other sources. These factors are used to estimate risk and HI 
values in the risk characterization. 

The exposure levels of chemicals observed at QADSY are more relevant to a chronic 
exposure scenario, as none of the identified contaminants are at high enough levels to warrant 
an acute or a subchronic toxicity criteria application. A list of all the criteria used for the 
relative risk calculations is included in Table 6-7. The RfDs and CSFs presented in this table 
are the values provided in IRIS (1996), HEAST (EPA, 1995a), and other sources and have 
been rounded to two significant figures. A description of carcinogenic weight-of-evidence 
(WOE) classifications for potential carcinogens is presented as Table 6-8. 

6.2.4.1 Toxicity Information for Noncarcinogenic Effects 
An RfD is an estimate (with uncertainty spanning approximately an order of magnitude) of a 
daily exposure to the human population (including sensitive subgroups) that is likely to be 
without an appreciable risk of deleterious effects if experienced continuously during a lifetime 
and is the toxicity value most often used to evaluate the noncarcinogenic impacts from 
exposure to chemicals. RfDs are specific to the route of exposure (i.e., an inhalation RfD is 
used for inhalation exposure), critical effect (developmental or systemic), and the length of 
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exposure evaluated. Chronic RfDs are specifically developed to be protective against 
long-term exposure to a chemical. Subchronic RfDs are developed to characterize potential 
noncarcinogenic effects associated with shorter-term exposures. The derivation procedure for 
an RfD can be found in RAGS, Part A (EPA, 1989b) or other technical guidance documents 
for criteria development. 

The list of COPCs for the HRA and their respective RfDs are presented in Table 6-7. The 
RfDs listed are the chronic RfDs, as Superfund guidance requires use of chronic exposure 
dose (RfD) levels. Chronic RfDs are applicable because: 1) the contaminant concentrations 
typically found at Superfund sites are low, and 2) the expected intake rate of contaminants is 
similar to the chronic dose levels administered to experimental animals in chronic toxicity 
studies. 

6.2.4.2 Toxicity Information for Carcinogenic Effects 
A CSF and the accompanying WOE determination are the toxicity data most commonly used 
to evaluate potential human carcinogenic risks. TheAmethods used by EPA to derive CSFs or 
unit risks are described in RAGS, Part A (EPA, 1989b). For carcinogens, EPA usually 
assumes a nonthreshold response, or that at every dose level of a carcinogen there is some 
amount of adverse response; no dose is believed to be risk-free. For carcinogens, EPA. uses a 
2-part evaluation; determination of a WOE classification and calculation of a CSF. 

Generally, a CSF is a plausible upperbound estimate of the probability of a response per unit 
intake of a chemical over a lifetime. Toxicity to carcinogens can be expressed in several 
ways. The CSF is usually the 95 percent upper confidence limit (UCL,,) of the slope Iof the 
dose-response curve and is expressed as (mg/kg/day)-*. Toxicity values for carcinogenic effects 
can also be expressed as risk per unit concentration of the substance in the medium of 
exposure, referred to as unit risks. 

Toxicity profiles for the final COCs [those chemicals contributing 1) a risk of 2 lE-6 to a 
total risk of 2 1 E-4 or 2) an HQ of 2 0.1 to an HI of 2 l] are presented in Appendix N. 

6.2.4.3 Chemicals with Unavailable EPA Toxicity Values 
Carcinogenic Chemicals With No Established CSFs--Several of the organic chemicals 
found at QADSY are either known, suspected, or possible human carcinogens. A list of CSFs 
and WOE classifications for the carcinogens identified at QADSY is presented in Table 6-7. 

Of the organic chemicals detected at QADSY, l,l-DCA is classified as a Group C possible 
human carcinogen but does not have an EPA-determined oral or inhalation CSF; therefore, 
only the noncarcinogenic hazards associated with exposure to this organic chemical is 
evaluated. 

Also, no inhalation URs or CSFs have been developed for the Group B2 suspect human 
carcinogens 2,4-dinitrotoluene, N-nitrosodi-N-propylamine, lindane, or bromodichoromethane. 
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These chemicals are evaluated for oral carcinogenicity only. The oral CSF used for 
2,4-dinitrotoluene is the CSF for a mixture of 2,4-dinitrotoluene and 2,6-dinitrotoluene. 

In addition, no CSFs are provided in IRIS (1996) or HEAST (EPA, 1995a) for the potentially 
carcinogenic PAHs benz(a)anthracene, benzo(b)fluoranthene. benzo(k)fluoranthene, chrysene, 
and indeno( 1,2,3-cd)pyrene. However, provisional oral and inhalation CSFs have been 
developed by the EPA-NCEA Superfund Health Risk Technical Support Center and are 
provided in the latest version of EPA Region III’s Risk-Based Concentration Table (EPA, 
1995b). According to the methodology used, the toxicity of potentially carcinogenic PAHs can 
be compared to that of benzo(a)pyrene using Toxicity Equivalent Factors (TEFs) of 0.1 for 
benz(a)anthracene, benzo(b)fluoranthene, and indeno( 1,2,3-cd)pyrene; 0.01 for 
benzo(k)fIuoranthene; and 0.001 for chrysene. Therefore, multiplying the oral and inhalation 
CSFs for benzo(a)pyrene by the TEFs for the respective PAHs yields the following oral and 
inhalation CSFs: 0.73 and 0.61 (mg/kg/day)-’ for benz(a)anthracene, benzo(b)fluoranthene, 
and indeno( 1,2,3-cd)pyrene; 0.073 and 0.061 (mgikglday)-’ for benzo(k)fluoranthene; and 
0.0073 and 0.0061 (mg/kg/day)-’ for chrysene. 

The oral and inhalation CSFs for PCE and TCE have been removed from IRIS (1996) and 
HEAST (EPA, 1995a) pending further evaluation of their carcinogenic potential in humans. 
The CSF values presented for these chemicals in Table 6-7 are provisional values from EPA- 
NCEA provided in EPA Region III’s Risk-Based Concentration Table (EPA, 1995b). 

Chemicals With No Established RfDs--Noncarcinogenic effects were evaluated for all of the 
organic COPCs identified for the HRA, including potentially carcinogenic chemicals. The 
majority of chemicals detected at QADSY and considered as COPCs have toxicity values 
developed by EPA. 

The oral RID for TCE and the inhalation RfD for carbon tetrachloride are interim values 
provided by EPA-NCEA and presented in EPA Region III’s Risk-Based Concentration Table 
(EPA, 1995b). 

The oral RfD for vinyl chloride is the chronic minimum risk level (MRL) provided in 
ATSDR’s Toxicological Profile for Vinyl Chloride (1989b). The oral value of 
0.0095 mg/kg/day for N-nitrosodi-N-propylamine is the human MRL based on an acute oral 
MRL, for rats of 0.095 mg/kg/day (ATSDR, 1988b) and an uncertainty factor of 10 
(acute-to-chronic extrapolation). 

For comparative purposes, the oral IUD for the PAH pyrene (0.03 mg/kg/day) was used to 
evaluate potential noncarcinogenic hazards associated with exposure to the carcinogenic PAHs 
detected at the site. 

With respect to the inorganic COPCs, no RfDs are available for metallic thallium. The oral 
RfD for thallium chloride (the most toxic thallium salt) is used to evaluate this metal. 
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6.2.4.4 Uncertainties Related to Toxicity Information 
The carcinogens identified at the site were mostly Group B2 and C carcinogens; direct 
evidence of human carcinogenicity is not available for these compounds. This lack of human 
evidence introduces an uncertainty, due to inherent physiological differences between humans 
and experimental animals. CSFs developed by EPA use a nonthreshold dose-response 
assumption for carcinogenicity, which may not accurately represent the dose-response 
relationship. 

The quantitative uncertainty (uncertainty factor and modifying factor) associated with each 
toxicity value is listed in Table 6-7. The greater the uncertainty factor/modifying factor, the 
greater the uncertainty behind applicability of the value to the environmental exposure 
conditions. 

6.2.4.5 Summary of Toxicity Information 
Table 6-7 summarizes the toxicity information for all of the COPCs evaluated in the I-IRA. 
Table 6-8 presents a description of WOES for potential carcinogens. 

6.2.5 Risk Characterization 
The objective of this risk characterization is to integrate information developed in the 
exposure assessment (Section 6.2.3) and the toxicity assessment (Section 6.2.4) into a 
complete evaluation of the potential and actual human health risks associated with 
contaminants at the areas of concern. The HRA evaluates the nature and degree of risk to the 
potential receptor populations described in Section 6.2.3. Wherever possible, risk estimates are 
derived for individual source areas as well as for the total contaminant contribution from the 
site to aid in developing priorities for remedial action planning. 

The methods used in this risk characterization are based on those presented in EPA risk 
assessment guidance for human exposures (EPA, 1989a,b, 1991 b,c,d, 1992) and EPA 
Region III guidance (EPA, 1993a, 1995b). Uncertainties associated with each of the analyses 
are presented along with relevant calculations. These uncertainties may be attributed to several 
input factors such as lack of monitoring data, incomplete understanding of the mechanisms 
involved in contaminant transport, assumptions used in the RA, or lack of toxicological 
information for a particular contaminant. 

6.2.5.1 Methods for Human Risk Characterization 
Carcinogenic Risk--The potential risks associated with exposure to individual carcinogens are 
calculated using CSFs from IRIS (1996) and HEAST (EPA, 1995a) as presented in 
Section 6.2.4. The risk is the chemical intake value multiplied by the CSF. 

Risk = I * CSF W-4) 
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Where: 
Risk = probability for an individual developing cancer under the 

assumed exposure conditions (unitless), 
I = daily chemical intake averaged over a lifetime of 70 years 

(mgikglday), and 
CSF = carcinogenic slope factor, expressed in (mg/kg/day)-‘. 

The formulas and factors used to calculate the intakes are included in Appendix K. The intake 
values used for different pathways are included in Appendix L. The combined risk from 
exposure to multiple chemicals at a site is evaluated by addition of resultant risks from 
different chemicals. 

Risk, = CRisk, (6-5) 

Where: Risk, = the sum of individual chemical risks, unitless probability; and 
Risk, = the risk estimate for the ilh chemical. 

Risks are also added across the pathways if the multiple exposures are to the same individual 
[e.g, a person working with the soil onsite could be exposed by both the potential exposure 
pathways (namely oral and dermal) and, if relevant, inhalation; therefore, the pathways are 
additive. 

w5) 

The site-specific carcinogenic risk estimates were based on the RME concentrations and the 
exposure factors presented in Section 6.2.3 and Appendices J and K. The potential risks 
resulting from exposure to the site contaminants are compared with the EPA target risk range. 
Contaminant concentration levels that present cancer risks that fall within the range of 1 in 
10,000 to 1 in l,OOO,OOO ( 10m4 to 10m6) are generally considered to be acceptable health risks 
[40 Code of Federal Regulations (CFR) 300, 430:62]. EPA uses the 10m4 to lo‘6 risk range as 
a “target range” within which EPA strives to manage risk as part of Superfund cleanup. 
Therefore, the risk results for this study are summarized to highlight those individual 
chemicals and media that exceed the lower bound of the risk range, 10e6. The 1 Om6 risk level 
serves as a starting point, or point-of-departure to provide focus on those chemicals that may 
require further evaluation as part of subsequent studies (i.e., feasibility studies) if the 
cumulative site risk exceeds 10m4. When a cumulative carcinogenic risk to an individual under 
the assumed exposure conditions at the site exceeds 1 in 10,000 (i 0”), CERCLA generally 
requires remedial action at the site (EPA, 1991d). 

If the cumulative risk is less than lOA, action generally is not required but may be warranted 
if a risk-based chemical-specific standard [e.g., maximum contaminant level (MCL)] is 
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violated, or a risk manager indicates that a lower risk level must be achieved due to site- 
specific reasons. In addition, remediation may be required due to the presence of unacceptable 
noncarcinogenic effects or ecological impacts. 

Noncarcinogenic HI--Noncarcinogenic health risks are estimated by comparing actual or 
expected exposure levels to acceptable concentrations. This is accomplished by calculating a 
noncarcinogenic hazard quotient (HQ). An HQ is the ratio of chronic daily intake of the site 
contaminant and the chronic RID of the contaminant and is calculated as follows: 

HQ = e-i- 

&D 
(6-7) 

Where: 
I = intake of contaminant (mg/kg/day), and 

RfD = reference dose of contaminant (mg/kg/day). 

The impact from the presence of multiple chemicals at a site is considered additive of impacts 
from individual contaminants. Thus, the hazard index (HI) is equal to the sum of the HQs: 

4 HI = - 4 Ii + - + ... + - 
I@4 RfD, RfDi 

(6-8) 

Where: 
Ii = intake for the ith toxicant (mg/kg/day), and 

RfD, = reference dose for the ith toxicant (mg/kg/day). 

I and RfD are expressed in the same units and represent the same exposure period (i.e., 
chronic, subchronic, or shorter term). The conclusions are as expressed as “no concern”, 
“possible concern”, and “high concern”, depending on whether the HQ/HI is ~1, 1 to 10, or 
>lO, respectively. In other words, when the HQ/HI exceeds 10, there may be substantial 
concern for potential health effects. An HQ or HI between 1 and 10 suggests that exposure 
may reduce the margin of safety inherent in the exposure scenario and may be of possible 
concern for sensitive individuals. An HQ/HI less than 1 indicates that it is unlikely for even 
sensitive populations to experience adverse health effects. While any single chemical with an 
exposure level greater than the toxicity value will cause the HI to exceed unity, for multiple 
chemicals the HI can also exceed unity due to additivity of multiple chemical HQs. 

The HI is estimated for both carcinogens and noncarcinogens to obtain an assessment :for the 
overall potential for noncarcinogenic health effects. The site-specific risk characterization for 
QADSY is presented in the following sections. 
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6.2.5.2 Site-Specific Results of Risk Characterization for Current and Future Land Use 
Using the risk evaluation methods described previously, the exposure concentrations for the 
RME risk estimates were obtained for the noncarcinogenic and carcinogenic COPCs identified 
at the site. The human risk results are presented in Appendix M and are discussed in the 
following sections. A summary of the human risk results is presented in Table 6-9. 

Current Worker--The current worker exposure scenario evaluated at QADSY is for a worker 
exposed infrequently to contaminants in surface soil and vapors in indoor air. Based on the 
exposure assumptions evaluated, the current potential cumulative cancer risk associated with 
exposure to soil and air is 4 x 1 Os5, which is within the cumulative risk range of 10m4 to 10q6. 
The cumulative HI for noncarcinogenic effects from inhalation of indoor air and exposure to 
soils is 0.2. These results indicate that the site does not pose adverse health effects or risks to 
current workers based on the exposure parameters evaluated. 

Future Worker--The future exposure scenario evaluated at QADSY is for a worker exposed 
to contaminants in surface soil and vapors in air on a daily basis. Based on the exposure 
assumptions evaluated, the future potential cumulative cancer risk associated with inhalation 
of indoor air is 9 x 10m4, which exceeds the upper limit of permissible cumulative risk range 
of 10m4 (Table 6-9). The COPCs contributing to the excess risk in air are vinyl chloride, 
1 ,l -DCE, carbon tetrachloride, TCE, chloroform, and PCE. The potential increased risk due to 
exposure to soil is 2 x l@‘, which is within the acceptable risk range. 

For noncarcinogenic effects, the HI associated with future worker inhalation of indoor air is 4, 
which is within the level of “possible concern” of 1 to 10. The majority (98 percent) of the 
exceedance is due to inhalation of carbon tetrachloride. The HI for future worker exposure to 
soil is 0.1, which is less than the target HI of 1. 

These risk and HI results indicate that inhalation of site COPCs in indoor air may result in 
adverse health effects or risks to future workers based on the exposure parameters evaluated. 
Future worker exposure to site soils, however, is not expected to adversely impact worker 
health based on the exposure parameters evaluated. 

Future Residential--The future residential exposure scenario evaluated for QADSY 
conservatively assumes that a residence is built on the existing property and no remediation 
occurs at the site. Based on the exposure assumptions evaluated, the future potential 
cumulative cancer risk associated with residential inhalation of indoor air is 1 x lo”, which 
exceeds the upper limit of permissible cumulative risk range of lOA (Table 6-9). The COPCs 
contributing to the excess risk in air are vinyl chloride, l,l-DCE, carbon tetrachloride, TCE, 
chloroform, and PCE. The potential increased risk due to exposure to soil is 7 x lo-‘, which is 
within the acceptable risk range. 

For noncarcinogenic effects, the HIS associated with future residential inhalation of indoor air 
by adults and children are 4 and 22, respectively, which are above the target cumulative HI of 
1. The majority (96 to 98 percent) of the exceedance is due to inhalation of carbon 
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tetrachloride. For child indoor air inhalation. l,l,l-TCA and l,l-DCE also contribute ‘to the 
total HI exceeding 1. While the adult HI is within the range of “possible concern”, the child 
HI is greater than 10 and suggests that inhalation exposure to the modeled indoor air 
concentrations may result in adverse health effects. 

The future residential child soil exposure scenario resulted in an HI of 2 due to dermal contact 
and incidental ingestion of thallium (Table 6-9). This HI (in the range of 1 to 10) suggests 
that daily contact and ingestion of site soil by a child may be of “possible concern”. The HI 
calculated for future residential adult exposure to soils is 0.3, which is below the target HI 
and suggests that exposure of residential adults would not result in adverse health impacts 
based on the exposure parameters evaluated. 

Alteration of the site to support a residential setting is highly unlikely due to the maritime 
industrial nature of the area. In addition, the site is covered with six to eight inches of gravel 
(scheduled to be paved in the near future) and the remaining site vicinity is paved, effectively 
removing the point of exposure. Although residential exposure is evaluated in this HRA, it is 
done only to provide perspective on worst-case plausible exposures and will not be used as a 
basis for remedial decisions. 

In addition, the concentrations of several IOCs (antimony, arsenic, beryllium, cadmium, 
chromium, lead, selenium, and thallium), bis(2-ethylhexyl) phthalate, and numerous VOCs (all 
except chloroform) detected in site groundwater exceed drinking water criteria. However, as 
discussed in Section 6.2.3.2, groundwater beneath the site is not potable, and MCLs and other 
drinking water criteria are not considered appropriate for evaluating groundwater chemical 
concentrations at this site. 

6.253 Summary of Uncertainties Associated with the HR4 
The risk measurements used in Superfund RAs are not full probability estimates of risk but 
are conditional estimates given a set of assumptions about exposure and toxicity. Therefore, it 
is important to fully specify the assumptions and uncertainties inherent in the HRA to place 
the risk estimates in proper perspective (EPA, 1989b). Uncertainty analysis is also essential 
for an FS. 

A qualitative uncertainty analysis of each HRA component is sufficient for most sites (EPA, 
1989b). Table 6-10 presents the potential uncertainties inherent in the HRA process. A site- 
specific discussion of these individual components is summarized in the following sections. 

Uncertainties Associated with the COPC Selection 
The data used for this HRA were collected over time and by different contractors using 
different QNQC procedures. This sampling variance results in the variation in the analytical 
methods used and DLs reported. 

The possibility exists that a COPC or a toxic metabolite was not identified through the 
sampling and analytical process or that the results are not an accurate representation of the 
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concentrations that occur onsite. Another potential source of uncertainty associated with the 
data set used in this evaluation is that the sampling was conducted over different time periods 
by different contractors using different approved work plans. Such samples were analyzed 
using different analytical methods and DLs, which contribute to the uncertainty in the 
chemicals detected and their concentrations. 

Automation of the data evaluation reduces associated uncertainty as DLs are automatically 
halved and the comparison of the UCL,, to the maximum concentration is automated to 
reduce human error in making these numerical comparisons. 

Another source of uncertainty resulting in overestimates of risk is due to extraneous 
contamination introduced during sampling or analysis. For example, acetone and methylene 
chloride were frequently detected and were included as COPCs, although these compounds 
could be laboratory artifacts and not site-related. 

Uncertainty Associated with the Exposure Assesskent 
The major uncertainty in the exposure assessment lies in the pathways selected. The exposure 
pathways chosen for the QADSY are not expected to occur on a regular basis. Most of the 
risk estimates are based on projections of what may occur in the future. The plans for the site 
do not include construction of residential units; therefore, future residents at these sites are 
unlikely. 

The exposure concentrations used in the calculation of intakes were UCL,, concentrations 
found in soil and groundwater. It was conservatively assumed that all areas at a site had 
concentrations equal to the UCL,, for each contaminant detected at the site. Although this is 
the accepted method for conservatively estimating exposure concentrations, it is a source of 
uncertainty. Another source of uncertainty is the use of modeled exposure concentrations due 
to the abscence of monitoring data. As the data were collected by different contractors over 
time and analyzed for different target compounds. a temporal trend in the data has not been 
established for this site. Thus, the exposure concentrations could overestimate or 
underestimate the exposure concentration because a trend in the nature of contamination is not 
kIlOWll. 

Considerable uncertainty is associated with the quantification of exposure. The exposure 
factors used most frequently are those default assumptions from EPA sources. When 
necessary, study-area-specific information is incorporated to reduce the uncertainty. However, 
for air contaminant concentration and fish contaminant concentration estimations, the 
parameters used were conservative estimates. For instance, methods to estimate inhalation 
exposure to volatiles may overestimate intake and risk. 

Additional uncertainty comes from the assumption that receptors completely absorb chemicals 
to which they are exposed. Toxicological effects in humans depend largely on the amount of a 
chemical that the body actually absorbs. Assuming complete absorption of all chemicals 
should lead to an over-estimation of potential health risks. 
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P- 

Reduced exposure by any or all routes would be expected if the future worker was not 
spending the entire exposure time at the contaminated area. Certain individuals may be more 
sensitive to the adverse effects of contaminant exposure because of poor health, age, olr other 
factors. 

Uncertainty Associated with the Toxicity Assessment 
A majority of the uncertainty in an HRA is associated with the use of dose-response d.ata that 
have been generated under experimental laboratory conditions (using non-human mammals) 
and extrapolating these results for comparison to (i.e., RfD) human exposure under a different 
environmental exposure scenario. To extrapolate the experimental evidence from animals to 
humans, a series of uncertainty factors and modifying factors, which have been derived by 
EPA, are applied. These uncertainty factors and modifying factors are the quantitative 
uncertainty associated with the value in question and are presented in Table 6-7. 

As with the noncarcinogenic dose-response assessment. the carcinogenic dose-response 
assessment includes the following: 

1. Selection of the appropriate data sets; 
2. Derivation of estimates at low doses from experimental data at high doses, ,using an 

appropriate extrapolation model (extrapolation is ordinarily carried out first by 
fitting a mathematical model to the observed data and then by extending the model 
from the observed range down toward risks expected at low exposure) (IRIS, 
1995); 

3. Selection of an equivalent human dose when animal data sets are used; 
4. Introduction of additional assumptions, with corresponding additional uncertainties, 

for route-to-route extrapolation when only one route has been tested in animals or 
evaluated in humans. 

The level of confidence associated with the CSFs from EPA can be obtained from the 
literature from which the dose-response studies for the carcinogenic COCs were obtained. 

i P---x 

Uncertainty Associated with the Risk Characterization 
The uncertainties of the risk characterization include the uncertainties associated with ,the 
previous three steps of the HIL4 process. In most cases, the uncertainties are more than 
compensated for by inclusion of upperbound exposure concentrations (Section 6.2.3.3), 
upperbound exposure factors (Section 6.2.3.4), uncertainty factors and modifying factors in 
developing RfDs and CSFs (Section 6.2.4), and incorporating conservative assumpti0n.s in 
estimated future risks by assuming that contaminant degradation does not occur 
(Section 6.2.2.2). Incorporation of the factors and variables to account for uncertainty in each 
step of the HRA process presents a reasonable upperbound estimate of the risks and impacts 
scenario on which to calculate risks. This procedure ensures the protection of public health, 
because if the upperbound risk estimate represents an acceptable risk, then there is a high 
level of confidence that an adverse impact will not occur. Most of the cumulative 
carcinogenic risk estimated for the site is attributable to Category B2 (probable human) 
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carcinogens. Thus. it is not known whether these chemicals actually cause cancer in humans, 
particularly at the low intake levels estimated for the site. 

6.2.6 Remedial Goal Objectives (RGOs) 
The purpose of the baseline HRA for the QADSY is to assess the potential human health 
impacts associated with the site-related chemicals under current and future land-use 
conditions, assuming that no remedial action is occurring at the site. Those chemicals that 
pose unacceptable health risks in the baseline HRA are further evaluated in the feasibility 
study (FS) to evaluate a reasonable range of remedial alternatives for migration control and 
source control measures to reduce site contaminants to acceptable levels. Thus, H&I input is 
required in the FS to ensure that the overall remediation goal for the site, which is to protect 
human health and the environment by preventing or reducing contaminant release or migration 
by implementing appropriate remedial actions. is achieved. 

The Superfund Amendments and Reauthorization Act (SARA) requires that remedial actions 
attain a degree of contaminant cleanup that assures protection of public health and the 
environment. Thus, in the event that the baseline HR4 of a site indicates the need to reduce 
site COPCs to acceptable health-based levels, RGOs, must be developed. RGOs are 
chemical-specific concentration goals for individual chemicals for specific medium and land 
use combinations at CERCLA sites (EPA, 1991 b). There are two sources of RGOs: 
(1) concentrations based on applicable or relevant and appropriate requirements (ARARs) and 
(2) concentrations based on risk assessment (risk-based concentrations under specific exposure 
conditions) (EPA, 199 1 b). 

A chemical-specific ARAR may not always be protective if the chemical exists in a mixture; 
in addition, chemical-specific ARARs have not been established for many chemicals, 
particularly for chemicals detected in soil. Thus, in the absence of an ARAR or, in instances 
where an ARAR is not protective, RGOs can be developed based on baseline HRA guidance 
to ensure that they meet the threshold criteria of (1) protection of human health and the 
environment, and, (2) compliance with ARARs (EPA, 1991d). 

RGOs for QADSY are established based on the most current EPA guidance on the role of the 
baseline RA in the remedy selection process (EPA, 1991d), as well as guidance regarding the 
development of RGOs (EPA, 1991 b). As stated in EPA guidance (EPA, 1991d) action is 
generally not warranted at a Superfund site where: 

1. The cumulative carcinogenic site risk to an individual based on reasonable 
maximum exposure for both current and future land use is less than 10e4, 

2. The noncarcinogenic hazard quotient is less than 1, 
3. No adverse environmental impacts exist, and 
4. ARARs (i.e. MCLs, non-zero MCLGs) are not exceeded. 

RGOs may not be required for a COPC in the event that the above four criteria are met. This 
is consistent with EPA guidance on development of PRGs (EPA, 1991b), which states that 
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RGOs must be maintained for contaminants in a medium when any of the above listed. criteria 
are exceeded. However, because the risk level for triggering remediation has not been chosen 
at this time, all chemicals contributing an individual risk 2 1 x 1 Om6 or an HQ 2 0.1 to a 
cumulative risk of 10e4 or greater or an HI of at least 1, respectively, are included for .RGO 
development. 

As discussed in Sec. 6.2.5.2, the site is located in an industrial area, and is intended to remain 
as such. In addition, the site is covered with six to eight inches of gravel and is scheduled to 
be paved in the near future, while the remaining site vicinity is paved. While an assessment of 
residential exposure is performed in this HRA, according to discussions with regulator-y 
agencies responsible for the site, it is done only to provide perspective on worst-case plausible 
exposures and will not be used as a basis for remedial decisions. Based on EPA regional and 
site-specific guidance, the four criteria identified above, and the results of the baseline HRA, 
RGOs are developed for the future worker and future residential exposure scenarios, oaly. 

6.2.6.1 Soil RGOs 
Current worker and future worker exposures to soil are not expected to result in unacceptable 
risks (> 1W4) or HIS (> 1); therefore, no RGOs for carcinogenic or noncarcinogenic effects 
from soil exposure are developed. 

6.2.6.2 Groundwater RGOs Based on Inhalation of Vapors in Indoor Air 
RGOs for Carcinogenic Effects--The results of the risk characterization at QADSY indicate 
that cumulative risks associated with future worker exposures to vapors from groundw,ater 
exceed EPA’s upperbound cumulative risk level of 10m4. Thus, all chemicals contributing an 
individual risk of 1 x 100~ or greater were included for RGO development for risk 
management decision-making (Table 6-l 1). 

Because the RGO for groundwater is based on excess risks associated with inhalation 
exposure to vapors emitted from groundwater, the RGOs for potential carcinogens were 
developed by first calculating the target air concentration followed by calculating the t,arget 
groundwater concentration associated with the target air concentration. The target air 
concentration was determined using ratios as follows: 

P-9) 

Where: 
Cair,target = chemical-specific RGO for air (mg/m3), 

Riskair,target = chemical-specific target risk for air (unitless), 
Cair,site = chemical-specific exposure concentration in air at the site 

(mg/m3), and 
RiSkair,site = chemical-specific site risk associated with air (unitless). 
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Using the target air concentration calculated above, the target groundwater concentration can 
be determined by the ratio of the target exposure concentrations in air and groundwater to the 
ratio of the site-specific exposure concentrations in air and groundwater. Solving for the 
groundwater target concentration, the equation is: 

c c = gwsite *c. alrtCXgc, 
gwmgcr C aire, 

(6-10) 

Where: 
C gw,target = chemical-specific RGO for groundwater = RGO,,” (mg/L), 

Cgw,site = exposure concentration in site groundwater (mg/L), 

Cair.target = target air concentration at the site (mg/m3), and 
Cair.site = exposure concentration in air at the site (mg/m3). 

Substituting Equation 6-10 into Equation 6-9 yields the following formula for calculating 
groundwater RGOs: 

c * Risk . 
RGOgwcam = gwsire alrmrga 

Riskairsite 

(6-l 1) 

For example, the carcinogenic groundwater RGO for future worker exposure to 1 ,l-DCE 
would be calculated as follows: 

RGowa, = 0.14 * lx 1o-6 
3.7 x 1o-4 

= 3.8 x lo4 mg/L (6-12) 

RGOs for Noncarcinogenic Effects--The results of the risk characterization at QADSY 
indicate that cumulative HIS associated with future worker and future residential exposures to 
vapors from groundwater exceed EPA’s target HI of 1. Thus, all chemicals contributing an 
individual HQ of 0.1 or greater were included for RGO development for risk management 
decision-making (Table 6- 11). 

To determine the target groundwater concentration based on noncarcinogenic effects, the 
target HI of 1 is substituted for target risk in Equation 6-l 2 and the site-specific HI is 
substituted for the site-specific risk as follows: 
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(6-13) 

For example, the noncarcinogenic groundwater RGO for future residential child exposure to 
carbon tetrachloride would be calculated as follows: 

RGOgwmwo,c = o’l;l* ’ = 0.0057 mg/L (6-14) 

6.3 Ecological Risk Assessment (ERA) 
6.3.1 Identification of COPCs 
COPCs are the site-related chemicals that may pose health concerns to environmental 
receptors. The data considered in the ERA (the same data considered for the HRA) were 
taken from ESE and Baker Environmental sampling events (1990-1995) and sampling events 
from a previous contractor (Malcolm Pirnie, 1983-1986). Chemicals detected at QADSY 
include volatile organic chemicals (VOCs), semi-volatile organic chemicals (SVOCs), 
inorganic chemicals (IOCs), and pesticides in soil, and VOCs, SVOCs, and IOCs in 
groundwater. While no direct exposure to groundwater is expected, groundwater 
concentrations will be used to model surface water concentrations for potential exposure of 
aquatic life and piscivorous (fish-eating) birds. 

6.3.1.1 Data Evaluation 
The first step in the COPC selection process is to determine which data will be evaluated in 
the ERA. The most recent and/or reliable data were used in the COPC selection process and 
in the calculation of exposure concentrations. These data are the same data used in the HRA. 

Soil--For soil, data from the five samples collected in 1995 were added to the previous soil 
data as the newer samples were collected from different locations and were analyzed for all 
priority pollutants. The previous data used includes Malcolm Pirnie data for IOCs, pesticides, 
and miscellaneous SVOCs. During the previous ESE investigation, the majority of the SVOC 
results were below the limits of detection. The DLs reported for the SVOC data were 
relatively high, limiting the usefulness of this data set. For this reason, the previous ESE 
SVOC data were disregarded, and the SVOC data from the Malcolm Pirnie report were used. 
Soil VOC concentrations were based solely on ESE and Baker Environmental data because 
this data exhibited acceptable DLs. 

Groundwater--The groundwater data available for the site include IOCs, an SVOC, and 
VOCs in shallow and deep aquifers. Previous samples from the wells located directly on the 

f@- storage yard were sampled for the full complement of VOCs and IOCs, while the samples 
collected from locations to the west of the storage yard were analyzed for TCE, PCE, and 
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1,2-DCA. The primary concern with respect to evaluating groundwater data is the potential 
for groundwater contaminants to migrate into surface water (IOCs and VOCs) and sediment 
(IOCs) of the Elizabeth River. 

Different data sets were used to evaluate the shoreline concentrations of VOCs and IOCs. The 
method used for the VOC concentrations was based upon the TCE and PCE plumes in 
groundwater that have been well delineated at the site and are assumed to represent the area 
with the highest VOC contamination. The wells included in the evaluation of the VOC 
concentrations in groundwater were the following: SW- l- 1, SW- 1- 1 FD, SW- l-2, SW-2- 1, 
SW-2-2, SW-6-1, SW-6-2, SW-4-1, SW-4-2, DW-1, GW-l-l, GW-1-2. 

The TCE and PCE concentrations at the shoreline were well defined; therefore, a subset of the 
shoreline wells was used to evaluate these two contaminants. The subset of wells that was 
used for TCE and PCE shoreline groundwater concentrations included: SW-g, SW-lo, DW-5, 
DW-6, HP-IO, HP-11, HP-13, HP-15. and HP-17. 

The IOCs groundwater data were taken as a whole because a subset of the data may not be 
representative of the IOCs at the shoreline. Since the source of the IOCs may not be 
co-located with the VOCs and the migration of IOC contamination in groundwater may be 
totally independent of VOC migration, all groundwater data were used to evaluate IOC data. 

Eight groundwater samples were collected in 1995 and analyzed for full-scan priority 
pollutants. The previous data from the eight wells sampled in 1995 were replaced with the 
new data for those wells. Previous data from the wells not sampled in 1995 were kept in the 
groundwater data set. 

Data Qualifiers--Based on EPA guidance (1989b), groundwater and soil data flagged with a 
“J” (estimated concentration) or “L” (result may be biased low) were used the same way as 
data that do not have these qualifiers to ensure that a site-related chemical was not 
overlooked. Groundwater organic data and soil data qualified with a “B” (chemical found in 
associated blank) were not included in the data set to be evaluated. However, groundwater 
inorganic data flagged with a “B” was included because in this set of data “B” signifies that 
the chemical was detected above the instrument DL but below the required method DL. 
Although the detection is questionable, it has been considered. 

6.3.1.2 COPC Selection 
After the appropriate data set to be evaluated is determined, the COPC list is compiled. 
Unlike for HIM, no methodology has been established by EPA Region III for screening 
potential COPCs for ecological exposure. As a general screening tool, inorganic chemicals (1) 
not detected significantly above background or (2) considered essential nutrients are removed 
from the list of COPCs. 

As discussed in the COPC selection for the HRA (Section 6.2.1.2), the presence of IOCs in 
onsite samples may or may not be associated with site activities. To determine if IOCs are 
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site-related, the maximum concentrations of inorganic chemicals detected in site samples are 
compared to the average concentrations in background samples. IOCs were included as 
COPCs if the maximum concentrations detected onsite are greater than two times the average 
background concentrations. 

Comparisons of the detected concentrations of IOCs in site samples to background 
concentrations are presented in Table 6-2. The maximum concentrations of aluminum, 
antimony, cadmium, chromium, mercury, nickel, and silver i’n site samples did not exceed 
2 times the background concentrations of these IOCs; therefore, these IOCs were removed 
from the list of soil COPCs in the ERA. 

As discussed in the HRA (Section 6.2.1.2), site-specific background samples were not 
collected at QADSY. Regional background soil concentrations are available for many IOCs; 
however, since site “soils” are actually sediments dredged from a nearby water body, 
comparison of site concentrations to regional background levels is not appropriate. Baker 
Environmental, who performed the latest round of soil sampling and analysis at the QADSY, 
collected background soil borings during their evaluation of the Building LP,20 site, another 
study area at Norfolk Naval Base. With acceptance from the Navy and Baker Environmental, 
the results of these background soil samples were used to evaluate the QADSY soil data. 

Also, as calcium, magnesium, potassium, and sodium are essential nutrients, exhibit 101~ 
toxicity, and do not have any established toxicity benchmarks, these IOCs have been removed 
from the list of soil COPCs. While iron is also considered an essential nutrient, a toxicity 
benchmark is available for this IOC (Section 6.3.4), and iron has been included on the soil 
COPC list. The final list of soil COPCs for the ERA is presented in Table 6-12. 

6.3.2 Environmental Fate and Transport 
The fate and transport processes for the ERA COPCs are the same as those for the HEM and 
discussed in Section 6.2.2. 

6.3.3 Exposure Assessment 
The exposure assessment uses information obtained from the site characterization and the 
environmental fate and transport analysis to identify significant complete exposure pathways 
and to estimate actual or potential COPC concentrations for each exposure pathway. 
Behavioral or physiological factors influencing exposure frequency and exposure levels are 
then presented in a series of exposure scenarios as a basis for quantifying chemical intake 
levels by receptor populations for each significant completed exposure pathway. Results of the 
exposure assessment are used in conjunction with the information summarized in the toxicity 
assessment to determine the potential site-related health risks to ecological receptors. 

6.3.3.1 Exposure Pathways 
An exposure pathway is the route over which a chemical or physical agent migrates from a 
contaminant source to an exposed population or individual (receptor) and also describes a 
unique mechanism by which the receptor may be potentially exposed to chemicals or lphysical 
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agents at or originating from the site. For an exposure pathway to be complete, the following 
four elements must be present: 

. A source or release from a source (e.g., material leaking from a drum); 
l A likely environmental migration route (e.g., movement of a chemical through soil 

to groundwater and into surface water); 
. An exposure point where receptors may come in contact with site-related chemical 

or physical agents (e.g., local creek); and 
l A route by which potential receptors may D: exposed to a site-related chemical or 

-physical agent (e.g., dermal contact with water). 

If any of these four elements is not present, the exposure pathway is considered incomplete 
and is not expected to contribute to the total exposure from the study area. A screening of 
each exposure pathway element was conducted to identify significant completed exposure 
pathways. This screening ensures that the risk characterization focuses only on the media and 
completed exposure pathways and eliminates from further consideration those pathways that 
are incomplete. Each of the four components of the potentially completed exposure pathways 
is discussed in the following sections. The exposure equations and factors used for the HFL4 
are described in Appendix K. 

Exposure to Soil--Animals may be present in or-on the soil and, depending on their 
physiological capabilities and behavior, may migrate or burrow between various contaminated 
soil layers. Potential exposure pathways for animals from contaminated soils may include the 
following: 

l Dermal contact by burrowing animals; 
l Ingestion of contaminated soils; 
l Inhalation of contaminated wind-borne dusts; 
l Dermal exposure from contaminated soil particles adhering to skin, fur, or feathers; 
. Inadvertent consumption of soils via digging and burrowing activities; 
l Ingestion of animals or plants on which contaminated soils adhere; and 
l Ingestion of contaminated prey items (plants and animals) by resident and 

nonresident consumers. This pathway would be most applicable to predatory 
animals for COPCs that are significant bioaccumulators. 

Terrestrial ecological receptors may be exposed to COPCs in soil via the dermal, inhalation, 
and oral routes. The methods for the estimation of dermal absorption of contaminants into 
animal tissue and inhalation of vapors and airborne particles are currently under development 
for use in risk assessment; therefore, these pathways will not be evaluated in this ERA. The 
primary exposure pathway to soil chemicals for terrestrial receptors is direct ingestion of soil 
during feeding, burrowing, grooming, etc. Portions of the QADSY are paved. The remaining 
area is covered with six to eight inches of gravel and is scheduled to be paved. In addition, 
terrestrial animals would not be expected to frequent and have not been observed at the 
QADSY as the area is not located near any habitat that would provide adequate food or 
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shelter for terrestrial animals. Therefore. exposure of terrestrial organisms to soil is not 
considered complete for any quantifiable pathways and is not evaluated further in the ERA. 

Exposure to Aquatic Media and Organisms--Piscivorous avian species are expected to be 
exposed to COPCs through their exposure to surface water and contaminated fish. The most 
significant exposure pathway was assumed to be the ingestion of potentially contaminated 
fish. In addition, there are no published EPA methodologies for the evaluation of dermal and 
inhalation uptake in avian species from surface waters. The only pathway evaluated for the 
wading bird at this site is the ingestion of potentially contaminated fish. This pathway is 
expected. to account for the majority of COPC uptake in the avian indicator species. 

Aquatic species inhabiting the Elizabeth River would be exposed to surface water constituents 
via uptake across cellular membranes (algae) and digestive and/or gill surfaces (invertebrates). 
In addition. benthic-dwelling organisms would have constant exposure to chemicals present in 
Elizabeth River sediment. 

6.3.3.2 Receptor Identification 
The QADSY is located in an industrial area with limited vegetative cover, which would 
provide habitat for terrestrial wildlife. Potential exposure of terrestrial animals to contaminated 
surficial soils was evaluated in Sec. 6.3.3.1 and, due to the lack of exposed soil, was found to 
be incomplete. Therefore, no terrestrial receptors are considered applicable at the QADSY. 

To evaluate potential bioaccumulative effects of site contaminants on surface water organisms, 
one species of wading bird, the great blue heron, is found in Mid-Atlantic habitats and was 
chosen as the indicator avian species for this ERA. The great blue heron (Ardea hero&as) is 
the only species of wading bird that is found during the winter in the northern parts of the 
Atlantic coast [U.S. Fish and Wildlife Service (USFWS, 1984)]. The great blue heron is one 
of the larger wading birds, eating fish as small as minnows or as large as 20 to 25 centimeters 
(cm) in length. Other items in the great blue heron’s diet include crayfish, snails, frog:s, 
lizards, and snakes (USFWS, 1984). The potential for bioaccumulation of IOCs into fish in 
the Elizabeth River and the subsequent ingestion of these fish by the heron is evaluated in the 
ERA. 

6.3.3.3 Exposure Concentrations 
Exposure concentrations are the contaminant concentrations that a receptor may contact at a 
site. Exposure concentrations are the lesser of the maximum detected concentration and the 
upper 95th confidence limit of the mean (UCL,,). This procedure is in accordance wit.h RAGS 
(EPA, 1989b), which states that if there is great variability in measured concentration values, 
the UCL,, will be high, and conceivably could be above the maximum detected value. As a 
result, in these cases EPA recommends that the maximum detected value be used to estimate 
exposure concentrations (EPA, 1989b). Therefore, in accordance with RAGS, the exposure 
concentrations that are used in risk characterization are the lowest of the maximum and UCL,, 
values. 
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For those constituents with concentrations below DLs, one-half of the DL (%DL) was used in 
the calculation. Because the UCL,, calculation uses values for undetected constituents that are 
equal to XDL, the calculated UCL,, can be significantly affected by samples where matrix 
interferences have resulted in sample dilution and significantly elevated DLs have been 
reported. In some instances, these elevated DLs result in a UCL,, exceeding the maximum 
concentration of the constituent detected. In these cases, the maximum detected concentration 
instead of the UCL,, was used for quantifying health risks (Appendix J). 

The data used in the ERA (the same as used in the HRA) were taken from ESE sampling 
events (1990- 1995) and sampling events from the previous contractor (Malcolm Pirnie, 
1983-1986). The most recent and/or validated data were used in the calculation of the 
exposure concentrations for the ERA. The following paragraphs explain the methodology used 
for calculating exposure concentrations and also what data gaps were found during the data 
evaluation process. A discussion as to what steps were taken to assure the highest possible 
integrity of the data used in the risk calculations is also included in this section. 

Groundwater Exposure Concentrations--Groundwater exposure concentrations for the ERA 
were calculated using the same methodology as for the HRA. The primary ecological concern 
for groundwater contamination is the potential for groundwater contaminants to migrate into 
surface water. A summary of the groundwater exposure concentrations is presented in 
Appendix J, Table J-2. A listing of the samples used to calculate the groundwater exposure 
concentrations is presented in Appendix J. Table J-3. 

Surface Water Exposure Concentrations--Groundwater affected by site-related contaminants 
discharges to the Elizabeth River at Hampton Roads. The Elizabeth River is a tidal inlet with 
little freshwater input. Hampton Roads is the mouth of the James River Estuary. The James 
River estuary is classified as a partially mixed estuary (EPA, 1985), but appears to be 
relatively well-mixed at Hampton roads, where surface salinity averages 17 ppt while bottom 
salinity averages 20 ppt (Stroup, 1963). Tidal currents through the Hampton Roads are strong, 
with peak flood and ebb tidal currents approximately equal at 0.75 and 0.79 m/set, 
respectively (Browne, 1988). These currents would provide for rapid mixing of site-related 
contaminants through the water column, as well as effective lateral dispersion. The tidal 
excursion (distance water flows during a tidal cycle) is approximately 5 miles. According to 
either of two methods recommended by EPA (1985), conditions at Hampton Roads are 
indicative of a well-mixed estuary. These factors indicate effective and rapid mixing of 
contaminants through the full cross-sectional area of Hampton Roads. 

Under these conditions, the concentration of site-related contaminants in the estuary can be 
estimated using equation VI-26 of EPA (1985): 
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c =QP*fi i R 
(6-15) 

Where: 
Ci = the average concentration in the estuary at the point of discharge 

wu 
Q, = the rate of chemical discharge @g/tidal cycle), 

fi = the fraction of fresh water at segment i (dimensionless), and 
R = the river discharge rate (L/tidal cycle). 

The input parameters were estimated as follows: 

Rate of chemical discharge, 0 : The rate of chemical discharge, Qp, was estimated by 
multiplying the exposure conc&tration in groundwater discharging to surface water, CgW, by 
the flow rate of contaminated groundwater, Q,,. The latter was estimated by: 

0, = K * i >iD * 28s3 = 6,700 L/tidul cycle (6-16) 

r”-. Where: 
K = the hydraulic conductivity (11 ft/day), 
i = the hydraulic gradient (0.0013), 

A = the cross-sectional area through which contaminated groundwater 
flows at the shoreline (1,100 ft x 30 ft = 33,000 ft2), 

TPD = the number of tidal cycles per day (2), and 
28.3 = a conversion factor from ft3 to liters. 

:. Qp = Cp ( pg/L) * 6,700 (L/tidal cycle) (6-17) 

Fraction of fresh water, fi: The fraction of fresh water at Hampton Roads is given by 
equation VI-9 of EPA (1985): 

= 0.46 

Where: 

(6-18) 

S, = the salinity of local sea water (35 ppt), and 
Si = the salinity at the point of discharge (18.9 ppt, NOAA). 
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River discharge rate, R: The freshwater discharge of the James River at Hampton Roads was 
estimated to be approximately lo:500 ft3/sec using data from several upstream gaging stations 
(USGS, 1985). Over a twelve hour tidal cycle, that flow rate equals 1.3 x 10” (L/tidal cycle). 

Applying these values, the concentration in the estuary at Hampton Roads would be estimated 
as: 

c = c,, (M/L) * 6,700 (L/tidal cycle) * 0.46 (6-19) 
i 

1.3 X 1o’O 
= 2.37 x lo-’ * CW (pg/L) 

In other words, concentrations would be diluted by approximately 4 million to one upon 
discharge to the estuary. Surface water exposure concentrations are presented in Table 6-14. 

Fish Exposure Concentrations--To evaluate potential impacts to great blue heron that may 
ingest fish caught near the site, modelled surface water exposure concentrations were 
multiplied by chemical-specific bioconcentration factors (BCFs) to yield an estimated COPC 
concentration in fish. BCFs and resulting fish tissue concentrations for the surface water 
COPCs are presented in Table 6-l 4. 

Sediment Exposure Concentrations--The sediment toxicity evaluation was limited to the 
evaluation of IOCs. VOCs were not modelled into sediment because they do not typically 
accumulate in this medium. Because pesticides were not detected in groundwater, this class of 
chemicals was not modelled into sediment. 

Groundwater IOCs exposure concentrations were used to estimate the sediment concentrations 
adjacent to the site. Sediment concentrations of IOCs were estimated by multiplying the 
groundwater exposure concentration by an adsorption coefficient, K, (mL/g), appropriate for 
each IOC under the environmental conditions existing in the sediments of the Elizabeth River. 

A literature search was conducted to locate K,s for arsenic and lead that would be appropriate 
for the environmental conditions at the site. Based on the collected analytical data and the 
literature search, the conditions that were assumed reasonable for the site are: pH = 7.4, 
moderately oxidizing, % organic matter = 30%, 12 - 16 O/O0 salinity, and temperature of 
15-20 “C. The range of reported analytical concentrations is < 1 to 5 PM for arsenic, and 1 to 
3 PM for lead. Under these conditions and given data, the following values were the most 
relevant values reported: 

Arsenic: K, = 1,500 mL/g 
Lead: K, = 6,200 mL/g 

The above values were then adjusted to the salinity (12-16 O/00) observed in the Elizabeth 
River. The adjustment was made according to the study of Gupta and Chen (1978) who 
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showed that the adsorption coefficients of IOCs decreased by 50 to 85 percent from distilled 
water to lo-fold diluted seawater and plain seawater. In this study, a 70-percent decrease was 
assumed for the K,s of arsenic and lead. Thus, the final values of adsorption constants are the 
following: 

Arsenic: K, = 450 mL/g 
Lead: K, = 1,860 mL/g 

The above values are about 2 to 2% times higher than those recommended as default values 
for agricultural soils by Baes ef al. (1984; arsenic = 200 mL/g and lead = 900 mL/g). Surface 
water sediment appear to have generally a higher adsorptive capacity for IOCs than soils have 
under similar or comparable environmental conditions. Based on this investigation targeted on 
arsenic and lead, the K, value for other IOCs was assumed to be 2 times the values reported 
by Baes et al. (1984). The K, values used for each IOC and the associated sediment exposure 
concentrations are presented in Table 6-23. 

Two onsite samples that have been described as drainage samples (samples had a consistency 
similar to sediment and were collected from a sewer pipe beneath a drop vent) were analyzed 
for IOCs and pesticides. Because the ditches drain wide-range areas, the samples were not 
considered to be representative of site contamination, and therefore, were not used in the 
ERA. The Malcolm Pirnie data were used for the calculation of IOC, SVOC, and pest.icide 
soil exposure concentrations. 

6.3.3.4 Intake Estimates 
The basic intake formula for ecological exposure is identical to the formula for human intake 
(Equation 6-3) presented in Section 6.2.3.4 with the “CR” or “IR” term given in units of 
kg/day, the “C” term expressed in mg/kg, and the “ED” term expressed in years. 

I = C * IR * soil fraction * FI + EF * ED 
BW + AT 

(6-20) 

Because the actual exposure (including food type, duration, and concentration) for the great 
blue heron at the site is unknown, an exposure pathway was developed to estimate exposure 
doses that could then be compared with ecoiotoxicity benchmark values. Therefore, the 
exposure of the great blue heron to fish is evaluated with a conservative chemical intake 
versus toxicity reference value (TRV) methodology. 

Most ecotoxicity benchmarks for vertebrates are based on doses administered in feed and are 
reported as a dose per kilogram of body weight. For the great blue heron (Ardea herodias), an 
intake scenario was developed that assumed a 70 percent of the daily food ration was fish and 
that only 10 percent of the fish ingested came from the contaminated area. Intake parameters 
for the heron are presented in Table 6- 14 and are described in the following paragraph. 
Surface water exposure concentrations were multiplied by a BCF to yield a COPC 
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concentration in fish (Table 6-15). The fish intake values for the heron (Table 6-14) were 
multiplied by the chemical exposure concentrations in fish (Table 6-l 5) to yield the 
receptor-specific chemical intakes presented in Table 6-15. The intake equation for the heron 
is as follows: 

I = Cf * IRf * DFf * FIf * EF * ED 
BW * AT 

(6-2 1) 

Where: 
I = intake, the amount of chemical at the exchange boundary 

b&&W ; 
Cf = chemical concentration in fish, the concentration of a chemical 

that may be contacted over the exposure period (mg/kg); 
IRf = fish intake rate. the amount of fish ingested per unit time 

(kg&% 
DFf = fraction of the total diet that is fish (unitless); 
FIf = fraction of fish ingested from contaminated area (unitless); 
EF = exposure frequency (days/year); 
ED = exposure duration (years); 

BW = body weight, the average body weight of the exposed individual 
(kg); and 

AT = averaging time, period over which exposure is averaged (days). 

The pertinent exposure factors which are used to estimate the intake for the great blue heron 
are as follows: 

l Food intake rate = 396 grams/day (Stalmaster, 1987) 
. Fraction of diet consisting of fish = 0.7 (assumed value; based on bald eagle) 
l Percentage of diet obtained from affected area = 0.1 (assumed) 
l Mean natural life-span = 30 years [based on bald eagle; best estimate since wild 

birds die younger than captive birds, which can live to 50 years (Stalmaster, 1987)] 
l Average body weight = 2.2 kilograms (EPA, 1993b) 

Table 6-13 summarizes the methodologies used to evaluate the potential ecological impacts of 
surface water and sediment contamination, while a summary of the intake parameters for the 
great blue heron is presented in Table 6-14. 

6.3.4 Toxicity Assessment 
6.3.4.1 Developing Toxicity Reference Values (TRVs) 
Risks to ecological receptors are quantitatively evaluated by comparing the chemical intake 
(for terrestrial receptors) to a TRV for that chemical in the specific receptor. TRVs are 
derived from unadjusted ecotoxicity benchmarks using the following equation: 
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ry-- 

TRV = Ecotoxicity Benchmark 
Applicable Uncertainty Factors 

(6-22) 

Selected ecotoxicity benchmarks for the surface water COPCs at QADSY were obtained from 
the available literature and are presented in Table 6- 17. Ecotoxicity benchmarks were (chosen 
based on the following considerations: 

. Including acute and chronic effects, 
l Choosing results of tests using organisms as closely related taxonomically to 

representative receptors as possible, 
l Choosing tests with ecologically relevant endpoints, and 
l Choosing tests conducted with an ecologically relevant exposure pathway. 

The preferred value sought was a chronic no-observed-adverse-effect level (NOAEL) in the 
indicator species or related organism. For chemicals with no available chronic NOAEL, other 
values [e.g., a lowest-observed-adverse-effect level (LOAEL) or the dose/concentration lethal 
to 50 percent of a study population (LD&C,,)] were used to derive a TRV. In the absence 
of U.S. Navy guidance on the evaluation of ecotoxicity data, the ecotoxicity benchmarks were 
adjusted to account for extrapolation uncertainties according to guidance provided by the U.S. 

t-+-Y Army (USA, 1994). The Army’s methodology for applying uncertainty factors to ecotoxicity 
benchmark values is presented in Figure 6- 1. 

6.3.4.2 TRVS for Terrestrial Receptors 
As discussed in Section 6.3.3.1, the great blue heron (Ardea herodias) was evaluated for 
ingestion of fish that may bioconcentrate contaminants from surface water. Potential 
ecotoxicity for this species is evaluated by comparing the intake of biota-borne chemicals 
during feeding to the species-specific TRVs presented in Tables 6-17. 

Due to the lack of data for heron, ecotoxicity benchmarks for the mouse and rat were 
predominantly used for the COPCs modeled into Elizabeth River surface water at QADSY. 
The following avian values were used for the surface water COPCs: an acute LD,, for arsenic 
and a chronic LD for selenium in mallard ducks (Anas platyrhyncos); an acute NOAEL for 
chromium in the black duck (Anas rubripes); an unknown chronic value for lead in the 
American kestrel (Falco sparverius); a chronic LOEL for cadmium and an acute LD,,, for 
mercury in Japanese quail (Coturnix coturnix japonica); an acute LC,, for copper in an 
unknown species of pheasant; acute LC,,s for acetone in Japanese quail (Coturnix coturnix 
japonica) and ring-necked pheasant (Phasianus colchicus); and acute LC,,s for thallium in 
unspecified birds. 

6.3.4.3 TRVS for Aquatic Receptors Inhabiting Surface Water 
Aquatic receptors are continually in contact with the contaminated medium. As presented in 
Section 6.3.3, groundwater contaminants are assumed to be discharging to surface water 
adjacent to the site, resulting in potential bioaccumulation of certain contaminants in fish 
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tissue and potential exposure to aquatic organisms. Instead of using receptor-specific TRVs, 
modeled surface water contaminant concentrations were compared to chronic Federal and 
State ambient water quality criteria. Also, measured onsite groundwater concentrations were 
compared to acute water quality criteria to evaluate a worst-case scenario of toxicological 
effects at the groundwater-surface water interface. The level of contamination at the point of 
discharge is assumed to be equivalent to the level of contamination found in onsite 
groundwater. This assumption is considered very conservative, as it does not consider physical 
processes such as dilution, attenuation, or volatilization. 

6.3.4.4 TRVS for Aquatic Receptors Inhabiting Sediment 
Similar to surface water receptors, organisms living in sediment are continually in contact 
with the contaminated medium. Instead of using receptor-specific TRVs, potential impacts to 
organisms inhabiting river sediments near the site were evaluated using the National Oceanic 
and Atmospheric Administration (NOAA) sediment benchmarks for LOAELs in marine 
organisms ( 1990). Sediment concentrations modelled from the groundwater concentrations at 
the groundwater-surface water interface were compared to the NOAA values. 

6.3.4.5 Uncertainties Related to Toxicity Information 
The quantitative uncertainty (UF) associated with each ecological TRV is listed in Table 6-17. 
Ecotoxicity data are not available for most nonhuman representative receptors, and some 
laboratory data do not evaluate ecologically relevant endpoints. Extrapolating from these tests, 
and among taxa, or the absence of test data contributes to uncertainty. The greater the UF, the 
greater the uncertainty behind applicability of the value to the indicator species or 
environmental exposure conditions. 

6.3.5 Risk Characterization 
The objective of this risk characterization is to integrate information developed in the 
exposure assessment (Section 6.3.3) and the toxicity assessment (Section 6.3.4) into a 
complete evaluation of the potential worst-case ecological health risks associated with 
contaminants at QADSY. The ERA evaluates the nature and degree of risk to potential 
receptor populations described in Section 6.3.3. Wherever possible, risk estimates are derived 
for individual source areas as well as for the total contaminant contribution from the site to 
aid in developing priorities for remedial action planning. 

The methods used in this risk characterization are based on those presented in risk assessment 
guidance for ecological exposures and assessments (EPA, 1986c, 1988b, 1989c, 1993b) and 
EC0 Updates (issued intermittently by EPA to supplement RAGS). Uncertainties associated 
with each of the analyses are presented along with relevant calculations. These uncertainties 
may be attributed to several input factors such as lack of monitoring data, incomplete 
understanding of the mechanisms involved in contaminant transport, assumptions used in the 
ERA, or lack of toxicological information for a particular contaminant or receptor. 
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6.3.5.1 Methods for Ecological Risk Evaluation 

Terrestrial Receptors 
The evaluation of potential health risks posed to wildlife is performed in a similar manner as 
the evaluation of health risks to humans. The main difference between evaluating ecological 
versus human health risks is that intra-species differences may significantly affect the amount 
that an animal ingests per body weight or the sensitivity of a species to adverse health. effects. 
To evaluate potential risks to terrestrial receptors, the chemical intakes for a particular 
indicator species (Section 6.3.3.4) are compared to chemical-specific TRVs derived for that 
species (Section 6.3.4.2). The ratio of chemical intake to TRV is known as the ecotoxicity 
quotient (EQ) and is calculated as follows: 

EQ = Chemical Intake 
TRV 

(6-23) 

Chemical intakes and TRVs are expressed in the same units. EQs less than 1 suggest that the 
benchmark effect is unlikely to occur in the individual; EQs greater than or equal to 1 require 
further evaluation. Although these EQs may indicate some potential for adverse effects to 
individuals, at this point, the potential for adverse effects to populations or ecosystems is 
qualified. Although the EQ method does not provide an estimate of uncertainty and is not an 
estimation of risk, it is commonly used for screening the potential for ecological effects from 
exposure to hazardous chemicals (EPA, 1988b). 

Great Blue Heron--Diluted surface water concentrations were used to estimate the 
concentration of contaminants in fish. Health risks to a great blue heron ingesting fish from 
the river are estimated by comparing estimated chemical intakes (from fish ingestion) to TRVs 
to produce an EQ (see Equation 6-23). An EQ equal to or exceeding unity (2 1) suggests that 
the potential for adverse health effects may exist and indicates that further evaluation Iof the 
ecological exposure scenario should be performed. An EQ less than 1 indicates that it is 
unlikely for even sensitive populations to experience adverse health effects. 

Aquatic Receptors 
Table 6-13 summarizes the methodologies used to evaluate the potential ecological impacts of 
surface water and sediment contamination. 

Surface Water Receptors--As presented in Section 6.3.3.3, groundwater contaminants are 
assumed to be discharging to surface water adjacent to the site, resulting in potential 
bioaccumulation of certain contaminants in fish tissue and potential exposure to aquatic 
organisms. Exposure of potential surface water receptors to site contaminants was evaluated 
using two methods. First, onsite groundwater concentrations were compared to acute Federal 
Ambient Water Quality Criteria (AWQCs) and State of Virginia Water Quality Standards 
(WQSs) to evaluate a worst-case scenario of toxicological effects at the groundwater-surface 
water interface. The level of contamination at the point of discharge is assumed to be 
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equivalent to the level of contamination found in onsite groundwater. This assumption is 
considered very conservative, as it does not consider physical processes such as dilution, 
attenuation, or volatilization. A ratio greater than one indicates that the potential may exist for 
adverse effects to occur in an organism exposed to chemical concentrations at the 
groundwater-surface water interface. 

Second, surface water contaminant concentrations that may be found in the open river were 
modeled from onsite groundwater concentrations using a dilution factor. These modeled 
concentrations were compared to chronic Federal AWQCs and State WQSs to evaluate the 
potential exposure of aquatic organisms in the area. A ratio greater than one indicates that the 
potential may exist for adverse effects to occur in an organism exposed to diluted chemical 
concentrations in the river. 

Benthic Organisms--Potential impacts to organisms inhabiting river sediments near the site are 
evaluated using the NOAA (1990) sediment benchmarks for LOAELs in aquatic organisms. 
Sediment concentrations modelled from the groundwater concentrations at the 
groundwater-surface water interface were compared to the NOAA values. A ratio greater than 
one indicates that the potential may exist for adverse effects in organisms exposed to 
sediments with the modelled chemical concentration. 

6.3.5.2 Site-Specific Ecological Risk Characterization 
Summaries of the potential risks associated with exposure of 1) great blue heron to fish 
inhabiting surface water near the site, 2) aquatic organisms to area surface water, and 3) 
benthic organisms to sediments near the site are presented in Tables 6-l 8, 6- 19, and 6-20, 
respectively. 

Great Blue Heron 
A summary of the potential risks associated with exposure of great blue heron to site 
contaminants due to ingestion of fish is presented in Table 6- 18. The EQs for this exposure 
pathway are less than one for ail potential surface water contaminants, suggesting that there is 
low potential for adverse effects to the great blue heron due to site-related chemicals in fish 
caught near the site. 

Aquatic Receptors 
Surface Water Organisms--A comparison of modeled surface water concentrations to Federal 
and State ambient water quality criteria is presented in Table 6-19. Acute surface water 
concentrations (i.e., groundwater concentrations assumed to be present at the 
groundwater-surface water interface) exceed Federal AWQCs and/or State of Virginia WQSs 
for arsenic, cadmium, chromium, copper, lead, nickel, selenium, silver, and zinc. Diluted 
surface water concentrations are less than the chronic Federal AWQCs and Virginia WQSs for 
all chemicals evaluated. As groundwater chemical concentrations will be quickly diluted upon 
confluence with the Elizabeth River, acute impacts to surface water organisms in the river are 
not anticipated. 
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Benthic Organisms--A comparison of modeled sediment concentrations to NOAA sediment 
values is presented in Table 6-20. Sediment IOC concentrations (i.e., concentrations modeled 
from site groundwater and present at the groundwater-sediment interface) exceed NOAA 
sediment benchmark values for antimony, arsenic, chromium, lead, and silver. Due to the 
industrialized nature of the site vicinity and the size of the Elizabeth River, the presence of 
significant benthic organisms and exposure of sediment organisms to significant amounts of 
site groundwater chemicals is not expected. 

6.3.5.3 Uncertainties Associated with the ERA 
The risk measurements used in Superfund RAs are not full probability estimates of rislk but 
are conditional estimates given a set of assumptions about exposure and toxicity. Therefore, it 
is important to fully specify the assumptions and uncertainties inherent in the ERA to place 
the risk estimates in proper perspective (EPA, 1988b). Uncertainty analysis is also essential in 
the FS. 

A qualitative uncertainty analysis of each ERA component is sufficient for most sites (EPA, 
1988b). Table 6-21 presents the potential uncertainties inherent in the ERA process. A 
site-specific discussion of these individual components is summarized in the following 
sections. 

Uncertainties Associated with the COPC Selection Process 
Uncertainties Associated with Data Evaluation--Uncertainties associated with data evaluation 
are discussed in the HRA (see Section 6.2.2). 

Uncertainties Associated with the COPC Selection Process--Since all detected chemicals, with 
the exception of the essential nutrients calcium, magnesium, potassium, and sodium, are 
included as COPCs in the ERA, the COPC selection process contains little inherent 
uncertainty. 

Uncertainties Associated with the Exposure Assessment 
Because the actual exposure for ecological receptors is unknown, scenarios are developed to 
estimate exposure doses that can then be compared with ecotoxicity benchmark concentrations 
or doses. Ecotoxicity benchmark concentrations are literature-derived values for the lowest 
concentration or dose of a chemical causing an ecologically interpretable negative response to 
a test organism. Ecologically interpretable negative responses may be either acute or chronic. 
These responses include lowered reproductive rates, lowered survival rates, etc. 

For surface water, the assumptions are that the organism is exposed to the surface water 
exposure concentration for a length of time corresponding to the benchmark test conditions. 
Exposure is unlikely to be continuous for all organisms for several reasons, including: 

1. Many aquatic organisms can swim into and out of contaminated zones, 
2. Exposure concentrations will fluctuate with changing water levels and other factors, 

and 
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3. Many aquatic organisms spend only the larval stage of their life cycles in an 
aquatic habitat. 

Assuming continuous exposure may overestimate the potential for adverse effects. In addition, 
this scenario estimates the potential uptake from sediments, pore water, and prey items. 
Because several of the site COPCs may bioaccumulate; uptake from ingestion of prey items 
by the great blue heron was included as a primary exposure pathway. 

Uncertainty Associated with the Toxicity Assessment 
The derivation of an ecological TRV for different chemicals and different indicator species 
was done using laboratory toxicity data that were available in the literature. To address the 
considerable amount of uncertainty associated with inter- and intraspecies extrapolation, 
several uncertainty factors have been applied. This approach may overestimate risks; however, 
the approach allows for the quantification of ecological risks for many species which do not 
have published TRVs. These uncertainty factors are a quantitative estimation of uncertainty 
associated with the value that was seiected for use. The preferred value that was sought for 
use as an ecological TRV was a chronic NOAEL dose. When no chronic NOAEL was 
available for a chemical in the literature, other values such as LOAELs or LD,,s were used to 
derive a “safe dose”. 

Uncertainty Associated with the Risk Characterization 
The uncertainties of the risk characterization include the uncertainties associated with the 
previous three steps of the ERA process. In most cases, the uncertainties are more than 
compensated for by inclusion of upperbound exposure concentrations, upperbound exposure 
factors, uncertainty factors and modifying factors in developing TRVs, and incorporating 
conservative assumptions in estimated future risks by assuming that contaminant degradation 
does not occur. Incorporation of the factors and variables to account for uncertainty in each 
step of the ERA process presents a reasonable upperbound estimate of the risks and impacts 
scenario on which to calculate risks. This procedure ensures the protection of health of 
ecological receptors, because if EQs are less than 1, there is a high level of confidence that an 
adverse impact will not occur. 

6.3.6 Development of RGOs for Ecological Exposure Scenarios 
As exposure of terrestrial receptors to site soils does not provide for any completed exposure 
pathways, ecological exposure to site soils is not of concern and no RGOs based on exposure 
of ecological receptors are developed. 

Acute surface water concentrations (assumed to be equivalent to groundwater concentrations 
at the groundwater-surface water confluence; see Table 6- 19) exceed Federal AWQC and 
State WQS for several inorganic chemicals. However, groundwater entering the Elizabeth 
river would be rapidly diluted. In addition, aquatic receptors are mobile and will not remain 
in the same exact location for long periods of time. Therefore, due to 1) the large size of the 
Elizabeth River, 2) the mobility of aquatic receptors, and 3) the lack of potential chronic 
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effects (Table 6-19), no impacts to aquatic receptors due to site contamination is anticipated 
and no RGOs based on exposure of ecological receptors are developed. 

6.4 Summary and Conclusions 
A summary of HRA and ERA conclusions are presented in the following sections. While the 
HRA and ERA contain the same risk assessment components, the accepted procedures for 
conducting the HI&4 and ERA are sufficiently distinct, however, that the HRA and ERA are 
discussed separately for each component. 

6.4.1 Objectives of the HRA and ERA 
The purpose of the HRA and ERA is to determine the human and ecological health risks 
associated with the no-action alternative at QADSY and determine which areas, media, and 
contaminants require further evaluation in the FS. Specific objectives of the process were to: 

l Provide an analysis of baseline risks to assist in determining the need for action at 
these areas, 

l Provide a basis for recommendations of RGOs, and 
l Provide a consistent method for evaluating and documenting human and ecological 

health risk at the site. 

,,- 6.4.2 Summary of the HRA and ERA 
Both the HRA and ERA were conducted based on guidelines developed by EPA. The HRA 
was based on the Risk Assessment Guidance for Superfund (RAGS), Human Health 
Evaluation Manual, Parts A and B (EPA, 1989b, 1991 b), the Dermal Exposure Assessment 
document (EPA, 1992), the Exposure Factors Handbook (EPA, 1989a), and EPA Region III 
Guidance (EPA, 1993a, 1995b). The ERA was based on risk assessment guidance for 
ecological exposures and assessments (EPA, 1986c, 1988b, 1989c, 1993b) and EC0 LJpdates 
(issued intermittently by EPA to supplement RAGS). Both the HIU and ERA were d:ivided 
into 6 primary components as follows: 

l Selection of Chemicals of Potential Concern (COPCs) 
l Environmental Fate and Transport 
l Exposure Assessment 
l Toxicity Assessment 
l Risk Characterization 
l Remedial Goal Objectives (RGOs) 

r”- 

Identification of COPCs involves evaluating the data collected at the site by focusing on 
potential human and ecological health risks of the chemical(s) under consideration (Se:ction 
6.2-l--Human, Section 6.3.1--Ecological). This step requires development of a data set to be 
carried through the quantitative risk evaluation. The environmental fate and transport analysis 
is used for evaluating exposure in the exposure assessment, as this is where a variety (of 
phenomena describing the rate at which chemicals move in different media under various 
environmental conditions, and how those chemicals will migrate to a particular exposure area 
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or exposure point are determined (Section 6.2.2). The exposure assessment is conducted to 
estimate the magnitude, frequency, and the pathways of actual and/or potential exposure to 
human and ecological receptor populations (Section 6.2.3--Human, Section 6.3.3--Ecological). 
The toxicity assessment (Section 6.2.4--Human, Section 6.3.4--Ecological) summarizes the 
available human and ecological impacts data as described in published literature, and identifies 
the dose-response information to be used to calculate health risks. The next to last step in the 
HRA and ERA, risk characterization (Section 6.2.5--Human, Section 6.3.5--Ecological), 
integrates the information obtained in the exposure and toxicity assessment sections to 
determine the health risks associated with potential exposure to site-related contaminants. In 
addition, a summary of the uncertainties associated with each component of the HRA and 
ERA is presented in this section. At the completion of risk characterization, the chemicals and 
media that pose unacceptable risks are identified, and health-based remediation goals, RGOs, 
are developed (Section 6.2.6--Human, Section 6.3.6--Ecological). The purpose of RGOs is to 
provide the FS with preliminary goals to be met by the recommended remedial alternative. 

6.4.2.1 Identification of COPCs 
Human--Based on EPA region-wide and Region III RAGS, the COPCs selected for 
evaluation in the HRA included a subset of IOCs, VOCs, and SVOCs (including PAHs, 
pesticides, and nitroaromatic compounds). The COPCs for the site were identified based on 
the results of the chemical selection and screening activities and included the following: 

IOCS 
Arsenic Thallium 

svocs 
PAHS 
Benz(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 

Pesticides 
Aldrin 
BHC, gamma- (Lindane) 

Munitions and Nitroaromatics 
Dinitrotoluene, 2,4- 

vocs 
Acetone 
Bromodichloromethane 
Carbon tetrachloride 
Chloroform 
DCA, l,l- 
DCE, l,l- 

Benzo(k)fluoranthene 
Chrysene 
Indeno( 1,2,3-cd)pyrene 

Chlordane, alpha- 
Chlordane, gamma- 

Nitrosodi-n-propylamine, N- 

DCE, 1,2- 
Methylene chloride 
PCE 
TCA, l,l,l- 
TCE 
Vinyl chloride 
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Ecological--Based on EPA region-wide and Region III RAGS, the COPCs selected for 
evaluation in the ERA included a subset of IOCs. VOCs, and SVOCs (including pesticides, 
PAHs, and nitroaromatic compounds). Due to the number of different species and populations 
that must be evaluated in an ERA. the guidance on selection of COPCs is not as 
comprehensive and specific as for selecting COPCs for the HRA, where only one species, 
humans, is evaluated. Thus, more chemicals were included as COPCs for the ERA to ensure 
the protection of the different terrestrial and aquatic species at the site. The COPCs for the 
ERA included the following: 

IOCS 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Copper 
Iron 
Lead 

svocs 
Munitions and Nitroaromatics 
Dinitrotoluene, 2,4- 

PAHS 
Acenaphthene 
Benz(a)anthracene 
Benzo(a)pyrene 
Benzo( b)fluoranthene 
Benzo(ghi)perylene 
Benzo(k)fluoranthene 

Pesticides 
Aldrin 
BHC, beta- 
BHC, delta- 
BHC, gamma- (Lindane) 
Chlordane, alpha- 

Miscellaneous 
Bis(2-ethylhexyl) phthalate 
Butyibenzyl phthalate 
Di-n-butyl phthalate 
Dichlorobenzene, 1,4- 
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Manganese 
Mercury 
Nickel 
Selenium 
Silver 
Thallium 
Vanadium 
Zinc 

Nitrosodi-n-propylamine, N- 

Fluoranthene 
Chrysene 
Indeno( 1.2,3-cd)pyrene 
Phenanthrene 
Pyrene 

Chlordane, gamma- 
DDD, p,p’- 
DDE, p,p’- 
DDT, p,p’- 
Endosulfan sulfate 

Dimethylphenol, 2,4- 
Phenol 
Trichlorobenzene, 1,2,4- 



REVISED DRAFT FINAL 5913-6/NAVFAC - QADSY Final RI.l-50 
5196 

vocs 
Acetone 
Benzene 
Bromodichloromethane 
Carbon tetrachloride 
Chloroform 
DCA, l,l- 
DCE, l,l- 
DCE, 1,2- 

Methylene chloride 
PCE 
Toluene 
TCA, l,l,l- 
TCE 
Vinyl chloride 
Xylenes 

6.4.2.3 Environmental Fate and Transport 
The fate and transport analysis indicates that the VOCs and IOCs present in the soils at 
QADSY have the potential to migrate to other environmental media and eventually to move 
toward downgradient locations. The five possible migration pathways identified were: 
(1) soil-to-groundwater, (2) soil-to-surface water, (3) soil-to-air, (4) surface water-to-air, 
(5) groundwater-to-air. These migration pathways were considered when identifying potential 
exposure pathways in the exposure assessment. 

6.4.2.4 Exposure Assessment 
An exposure pathway describes the course a chemical takes from the source to the exposed 
receptor. An exposure pathway analysis links the sources, locations, and types of releases with 
population locations and physical activity patterns to determine the significant exposure 
pathways of exposure. 

Human--The primary human exposure pathways quantified in the HRA for the site are as 
follows: 

Exposure Pathway Medium Exposure route 

Future Residential Groundwater 
Surface soil 

Inhalation of vapors 
Ingestion and dermal 
absorption 

Current Worker Groundwater 
Surface soil 

Inhalation of vapors 
Ingestion and dermal 
absorption 

Future Worker Groundwater 
Surface soil 

Inhalation of vapors 
Ingestion and dermal 
absorption 

Although additional human exposure pathways could exist, they were not included for 
quantification (i.e., trespasser, site visitor). Potential risks due to these receptors is indirectly 

6-50 



REVISED DRAFT FINAL 5913WNAVFAC - QADSY Final RI.l-51 
5196 

evaluated in the future residential or worker scenario where exposure duration is much 
greater. 

Ecological--Due to the lack of exposed soil (the site is gravel-covered and scheduled to be 
paved) and habitat suitable for food and shelter, exposure of terrestrial mammals to soil was 
not quantified. The primary ecological exposure pathways quantified in the ERA for the site 
are for ingestion of fish and direct exposure of aquatic organisms as follows: 

Exposure Pathway Medium Exposure route 

Great Blue Heron Contaminated Food (Fish) Ingestion 

Freshwater 
Organisms 

Surface Water/Sediment Direct Contact 

Marine 
Organisms 

Surface Water-Sediment ^ Direct contact 

6.4.2.4 Toxicity Assessment 
The toxicity assessment summarizes and weighs the available evidence for the potential of a 
COPC to cause adverse effects in exposed individuals and provides, where possible, an 
estimate of the relationship between the extent of exposure to a chemical and the increased 
likelihood and/or severity of adverse effects. The toxicity assessment involves developing 
profiles for each COPC, summarizing the available toxicological information to include 
human and ecological health effects, and summarizing criteria and standards. The human 
health and ecological risks from potential exposure to site contaminants is assessed based on 
the available toxicity information. 

6.4.2.5 Risk Characterization 
The risk characterization process defines the nature and degree of adverse human and 
ecological health effects that may occur from exposure to site-related contaminants under the 
conditions described in the exposure assessment. In addition, the risk characterization attempts 
to identify the contaminant source areas associated with the most significant risk so that 
remedial actions can be targeted in the most cost-effective manner to reduce health risks to 
acceptable levels. Health risks are determined by integrating the information developed. in the 
three previous steps. 

Human--For potential human exposures, the potential for noncarcinogenic hazards and. 
carcinogenic risks are calculated separately for each exposure route (i.e., ingestion, dermal 
absorption) and are reported either as a ratio noncarcinogenic HI or as a probability (cancer 
risks). The site-specific carcinogenic risk estimates are determined using the RME 
concentrations and the exposure factors presented in the exposure assessment. The potential 
risks resulting from exposure to the site contaminants are compared with the EPA target 
cumulative risk levels. Acceptable exposure levels are the contaminant concentration levels 
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that present an excess cancer risk of 10e6 (1 in l,OOO,OOO) to 1 Om4 (1 in 10,000) to the exposed 
population. based on the dose-response information for each carcinogenic COPC, 
(NCP 40 CFR 300, 430:62). When a cumulative carcinogenic risk within a medium (i.e., 
groundwater) exceeds 10” (1 in 10,000 excess cancer risk), CERCLA generally requires 
remedial action at the site (EPA, 1991a). If the cumulative risk is less than 10m4, action 
generally is not required but may be warranted if a chemical-specific standard that is. risk- 
based (e.g., MCL) is violated. A risk-based remedial decision could be superseded by the 
presence of noncarcinogenic impact or environmental impact requiring action at the site. 
Therefore, based on the latest EPA Superfund guidance (199 la), the cumulative risks are 
compared to lo-“, while the cumulative noncarcinogenic HI are compared to the target HI 
of 1. 

To calculate the total risk to a receptor, risks were added across the pathways if the same 
individual was assumed to be exposed via multiple pathways (e.g., a person working onsite 
could be exposed via oral and dermal exposure to soils and inhalation of vapors). The results 
of the HRA indicate that the scenarios in the following exceed either a cumulative risk of lo-” 
oranHIof 1: 

Exposure Scenario 

Future Worker 

Risk > HI > 1 
Medium E-04 1 Adult Child COC Class 

X X 

Future Residential 
Soil 

Air X X X vocs 
X IOC (thallium) 

In addition, the unfiltered concentrations of several IOCs (antimony, arsenic, beryllium, 
cadmium, chromium, lead, selenium, and thallium), bis(2-ethylhexyl) phthalate, and numerous 
VOCs (all except chloroform) detected in site groundwater exceed drinking water criteria. 
However, groundwater beneath the site is not potable, and MCLs and other drinking water 
criteria are not considered appropriate for evaluating groundwater chemical concentrations at 
this site. 

Ecological--The evaluation of potential health risks posed to wildlife is handled in a similar 
fashion as the evaluation of health risks to humans. The main difference between evaluating 
ecological versus human health risks is that intra-species differences may significantly affect 
the amount that an animal ingests per body weight or the sensitivity of a species to adverse 
health effects. To evaluate potential risks to ecological receptors, the chemical intakes for a 
particular indicator species are compared to chemical-specific TRVs derived for that species. 
The ratios of chemical intakes to TRVs are calculated as EQs. EQs less than 1 suggest that 
the benchmark effect is unlikely to occur in the individual; EQs greater than or equal to 1 
require further evaluation. Although these EQs may indicate some potential for adverse effects 
to individuals, at this point, the potential for adverse effects to populations or ecosystems is 

6-52 



REVISED DRAFT FINAL 5913-6/NAVFAC - QADSY Final RLI-53 
5/96 

qualified. Although the EQ method does not provide an estimate of uncertainty and is not an 
estimation of risk, it is commonly used for screening the potential for ecological effects from 
exposure to hazardous chemicals (EPA, 1988b). 

For terrestrial receptors exposed to contaminated food sources (i.e., Great Blue Heron), diluted 
surface water concentrations were used to estimate the concentration of contaminants in fish. 
Health risks to a great blue heron ingesting fish from the river are estimated by comparing 
estimated chemical intakes (from fish ingestion) to TRVs to produce an EQ. 

For aquatic receptors, groundwater contaminants are assumed to be discharging to surface 
water adjacent to the site, resulting in potential bioaccumulation of certain contaminants in 
fish tissue and potential exposure to aquatic organisms. Exposure of potential surface water 
receptors to site contaminants was evaluated using two methods. First, onsite groundwater 
concentrations were compared to acute AWQCs and State of Virginia WQSs to evaluate a 
worst-case scenario of toxicological effects at the groundwater-surface water interface 
assuming that no physical processes such as dilution, attenuation, or volatilization take place. 
The level of contamination at the point of discharge is assumed to be equivalent to the level 
of contamination found in onsite groundwater. A ratio greater than one indicates that the 
potential may exist for adverse effects to occur in an organism exposed to chemical 
concentrations at the groundwater-surface water interface. 

Second, surface water contaminant concentrations that may be found in the open river were 
modeled from onsite groundwater concentrations using a dilution factor. These modeled 
concentrations were compared to chronic Federal AWQCs and Virginia WQSs to evaiuate the 
potential exposure of aquatic organisms in the area. A ratio greater than one indicates that the 
potential may exist for adverse effects to occur in an organism exposed to diluted chemical 
concentrations in the river. 

Potential impacts to organisms inhabiting river sediments near the site are evaluated using the 
NOAA (1990) sediment benchmarks for LOAELs in aquatic organisms. Sediment 
concentrations modelled from the groundwater concentrations at the groundwater-surface 
water interface were compared to the NOM values. A ratio greater than one indicates that 
the potential may exist for adverse effects in organisms exposed to sediments with the 
modelled chemical concentration. 

The risks results for evaluating ecological exposures are as follows: 

Exposure Scenario 
Class 

Medium EQ > 1 cot 

Aquatic Organisms Surface Water X IOCS 

Benthic Organisms Sediment X IOCS 
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6.4.2.6 RGOs 
SARA requires that remedial actions attain a degree of contaminant cleanup that ensures the 
protection of public health and the environment. Thus, the risk characterization results are 
used to identify whether site COPCs need to be reduced to acceptable health-based levels. The 
acceptable health-based levels are referred to as RGOs, which are chemical-specific 
concentration goals for individual chemicals for specific medium and reasonable land use 
combinations. 

Based on the results of the HRA and ERA risk characterization, excess risk, HIS, and EQs 
were determined based on the current and future land use scenarios. In summary, RGOs were 
developed for several VOCs in groundwater. These RGOs are developed as a result of excess 
human risk (> 1 x lo-“) due to inhalation of vapors from groundwater. Thus, all chemicals 
contributing an individual risk of 1 x 10e6 or greater were included for RGO development for 
groundwater to provide risk managers with the maximum risk-related media level options on 
which to develop remediation aspects of the FS. A summary of the COCs included for RGO 
development based on the HRA and ERA include: 

COC for RGO 
Medium Development Scenario 

Groundwater 
Residential 

Chloroform 
DCA, l,l- 
DCE, l,l- 
PCE 
TCA, l,l,l- 
TCE 
Vinyl chloride 

Carbon tetrachloride Future Worker and 

Future Worker and Residential 
Future Residential 
Future Worker and Residential 
Future Worker and Residential 
Future Residential 
Future Worker and Residential 
Future Worker and Residential 

6.4.3 Conclusions 

6.4.3.1 Groundwater Contamination 
Current exposure scenarios applicable to the QADSY are not expected to result in 
unacceptable impacts to the health of human or ecological receptors based on the exposure 
conditions evaluated. However, based on theoretical future exposure of workers or residents (a 
highly unlikely future scenario), remediation of site groundwater to reduce the risk associated 
with inhalation of contaminant vapors in indoor air may be warranted. 

6.4.3.2 Soil Contamination 
As the site is covered with six to eight inches of gravel and scheduled to be paved and the 
site vicinity is paved, no exposure to site soils is anticipated according to current and future 
use plans. Should the site use change in the future (i.e., construction of homes, businesses, 
etc.) such that site soil becomes exposed, exposure to site soils should be re-evaluated. 
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Table 6-l. Comparison of Maximum Detected Chemical Concentrations in Soil to RBCs (Page 1 of 2) 

Analyte 

Acenaphthene 
Acetone 
Aldrin 
Aluminum 
Antimony 
Arsenic 
Barium 
Benz(a)anthracene 
Benzene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(ghi)perylene 
Benzo(k)fluoranthene 
BHC, beta- 
BHC, delta- 
BHC, gamma- (tindane) 
Bis(2-ethylhexyl) phthaiate 
Bulylbenzyl phthalate 
Cadmium (solid matrix) 

Calcium 
Chlordane, aipha- 
Chiordane, gamma- 
Chromium, total 
Chrysene 

Wper 
DDD, P,P’- 
DDE, P,P’- 
DDT, p,p’- 
Di-n-butyl phthalate 
Dichlorobenzene, 1,4- 

Dichloroethene, 1 ,l - 
Dichlorcethenes, 1,2-, total 
Dimethylphenol, 2,4- 
Dinitrotoluene, 2,4- 
Endosuifan sulfate 
Fluoranthene 
Indeno(l,2$cd)pyrene 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Methylene chloride 

Nickel 

Maximum 
Detected Soil 
Concentration 

(w/kg) 

2.00E+OO 
6.50E-01 
1.4OE-03 

5.55E+03 
3.20E+OO 
3.20E+Ol 
5.66E+Ol 
2.6OE-01 
2.WE-03 
8.50E-02 
1.30E-01 
7.8OE-02 
6.1OE-02 
4.WE-03 
l.lOE-03 
l.lOE-03 
1 .WE-Ol 
5.30E-01 

2.WE+W 
1.36E+05 

1.2OE-02 
1.4OE-02 

2.WEtOl 
2.60E-01 

2.43EtOl 
1.6OE-01 
5.7OE-03 
2.1 OE-03 

2.OOEtW 
2.OOE+OO 
5.WE-03 
1.5OEtOO 
4.8OEtW 
1.80E+w 
2.1 OE-02 
7.WE-01 
8.3OE-02 
1.74EtO4 
1.05Et02 
5.50Et03 
3.62Et02 
2.4OE-01 
3.9OE-02 

2.20EtOl 

Oral 
RfD 

6.OE-02 
1 .OE-01 
3.OE-05 
l.OE+W 
4.OE-04 
3.OE-04 
7.OE-02 
3.OE-02 a 
3.OE-04 
3.OE-02 a 
3.OE-02 a 
3.OE-02 a 
3.OE-02 a 
3.OE-04 b 
3.OE-04 b 
3.OE-04 
2.OE-02 
2.OE-01 
1 .OE-o3 

nd 
6.OE-05 c 
8.OE-05 c 
5.OE-03 a 
3.OE-02 a 
3.7E-02 
5.OE-04 8 
5.OE-04 e 
5.OE-04 
1 .OE-Ol 
2.1 E-03 
9.OE-03 
9.OE-03 
2.OE-02 
2.OE-03 
6.OE-03 f 
4.OE-02 
3.OE-02 a 
3.OE-01 

nd g 
nd 

4.7E-02 
3.OE-04 
6.OE-02 

2.OE-02 

Oral 
CSF 

NC 
NC 

1.7EtOl 
NC 
NC 

1.5EtW 
NC 

7.3E-01 
2.9E-02 

7.3EtW 
7.3E-01 

NC 
7.3E-02 
1.8EtW 

NC 
1.3EtW 
1 e4E-02 

NC 
NC 

NC 
1.3EtW c 
1.3EtW c 

NC 
7.3E-03 

NC 
2.4E-01 
3.4E-01 
3.4E-01 

NC 
2.4E-02 
6.OE-01 

NC 
NC 

6.8E-01 
NC 
NC 

7.3E-01 
NC 

nd g 
NC 
NC 
NC 

7.5E-03 
NC 

RBC for Residential 

Soil Ingestion * 

Sxwentratior 

OWkg) 

4.7Et03 
7.8Et03 
3.8E-02 

7.8EtO4 
3.1 Et01 
4.3E-01 

5.5Et03 
8.7E-01 

2.2EtOl 
8.7E-02 
8.7E-01 

2.3Et03 
8.7EtW 
3.5E-01 

2.3EtOl 
4.9E-01 

4.6EtOl 
1.6EtO4 
7.8EtOl 

4.9E-01 
4.9E-01 

3.9Et02 
8.7E t01 

2.9EtO3 
2.7EtW 
1.9EtW 
1.9EtW 
7.8EtO3 
2.7EtOl 

l.lEtW 
7.OE t02 
1.6Et03 
9.4E-01 

4.7EtO2 
3.1EtO3 
8.7E-01 

2.3EtO4 
4.OEt02 

3.7EtO3 
2.3EtOl 
8.5EtOl 
1.6EtO3 

Basis 

Does 
Detected 

Concentration 
Exceed RBC? 

-- 

No 
No 
No 
No 
No 

Yes 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 



Table 6-l. Comparison of Maximum Detected Chemical Concentrations in Soil to RBCs (Page 2 of 2) 

RBC for Residential 

Concentration Concentration 
Does Detected 
Concentration 

Nitrosodi-N-propylamine. N- 
Phenanthrene 
Phenol 
Potassium 
Pyrene 
Silver 
Sodium 
Tetrachloroethene 
Thallium 
Toluene 
Trfchlorobenzene, 1,2,4- 
Trfchloroethane, 1 ,l ,l- 
Vanadium 
Xylenes 
Zinc 

Note: nd = not determined. 

NC = not da&fed as a carcinogen. 
- = not evaluated due to lack of a RfD. 

Basis: C = carcinogeniceffects. 
N = noncarcinogenic effects. 

(a) No RfD Is available for this PAH; the lowest RfD for a non-naphfhalene PAH (pyre@ is used. 
(b) No RfD is available for this BHC isomer; the RfD for gamma-BHC (lindane) is used. 

(c) No WD or CSF is available for individual chlordane isomers; the WD and CSF for total chlordane is used. 
(d) The more conservative RfD for hexavalent chromium is used. 
(e) No WD Is available for p,p’-DDD or p,p’-DDE; the RfD for the parent compound, p,p’-DDT, is used. 
(f) No RfD ls available for endosulfan sulfate; the WD for the parent compound, endosutfan, is used. 

(g) No RfD or CSF has been developed for lead: EPA (Agency-wide and Region II9 prefers to use the Integrated 
&posure Uptake Biokinetkz (IEUBK) Model to predict blood-lead levels (EPA, 1994a). 

(h) Indicated value is the recommended defautt screening value for lead in soils based on residential child exposure 
(EPA, 1994a). 

(i) No WD ls available for thallium metal; the lowest RfD for a thallium salt, thallium oxide, is used. 

l RBCs calculated using formulas provided by EPA (1995b) and the most recent RfDs and CSFs from EPA sources 
(IRIS, 1996; EPA, 1995a, 1995b). 



Table 6-2. Comparison of Metals Concentrations (mg/kg) in Site-Specific and Background Soils * 

QADSY 

Concentration 
Maximum Soil 
Concentration 

Concentration > 

Concentration? 

Barium 2.48E+Ol 717 5.66E+Ol 515 
Cadmium 1.38E+OO 2/7 2.00E+OO 12112 
Calcium 3.08E+04 717 1.36E+05 515 
Chromium l.O9E+Ol 7/7 2.00E+Ol 17117 
Copper 3.58E+OO 617 2.43E+Ol 17117 
Iron 7.34E + 03 717 1.74E+O4 515 
Lead 1.25E+Ol 717 l.O5E+02 17117 
Magnesium 6.68E+02 717 5.50E+O3 515 
Manganese 7.54E+Ol 717 3.62E+02 s/s 
Mercury 4.55E-01 l/7 2.40E-01 12112 
Nickel 2.53E+Ol l/7 2.20E+Ol 17117 
Potassium 4.41 E+02 717 2.80E+03 S/S 
Silver 5.95E+OO l/7 1 .OOE+OO 2112 
Sodium 4.08E+02 617 l.l4E+O3 l/l 
Thallium NA -_ 2.20E+Ol 12112 
Vanadium 2.07E+Ol 617 5.32E+Ol 515 
Zinc 2.31 E+Ol 717 1 .OOE+02 17117 

Yes 
No 
Yes 
No 
Yes 
Yes 
Yes 
Yes 
Yes 
No 
No 
Yes 
No 
Yes 
NC ** 
Yes 

Yes 

- 

Note: NA = not analyzed. 
NC = not calculated. 

* Based on data for background well borings (all depths) from the Building LP-20 site on Norfolk Naval 
Base. This data was provided by Baker Environmental. 

** Since background samples were not analyzed for this constituent, this IOC is included for further 
evaluation. 

Source: ESE. 

P-.. 



Table 6-3. Inorganic Essential Nutrients: Comparison of Maximum Daily Intakes from Soil to RDAs 

Inorganic Nutrient 

Calcium 

Potassium 2000 500 2.80E+03 2.68E-01 No 537E-01 No 
Sodium 500 120 l.l4E+03 l.O9E-01 No 2.19E-01 No 

* Sodium value is an estimated minimum requirement for a healthy person. No allowance has been made for large, prolonged losses 
of this electrolyte through perspiration. 

** Daily intake was calculated using Chemical Intake Equations from EPA Superfund Risk Assessment Guidance (EPA, 1989a, 1991) 

as follows. Exposure factors are default values from these documents intended for screening level analysis and may not represent 

site-specific conditions. 

Soil Daily Intake = Soil Cone (mg/kg) * Ingestion Rate * Conversion Factor * Exposure Frequency * Exposure Duration 

bv&W Averaging Time 

Adult Resident = Soil Cont. (mg/kg) * 100 mglday * 1 E-06 kglgm * 350 dayslyr * 30 yr 

365 dayslyr * 30 yrs 

Child Resident = Soil Cont. (mg/kg) * 200 mg/day * 1 E-06 kg/gm * 350 days/yr * 6 yr 

365 dayslyr * 6 yrs 

Source: ESE. 



Table 94. Comparison of Maximum Detected Chemical Concentrations in Groundwater to RSCs and MCLs 

Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Sifver 
Sodium 
Thallium 
Zinc 

WOCO 
Bis(24hylhexyt) phthafate 

‘oca 
Acetone 
Bromodichloromethane 
Carbon tatrachtoride 
Chloroform 
Dichioroethane, l.l- 
Dichioroethene, l.l- 
Dichloroethenee. 1,2-. totaf 
Methylene chloride 
Tetrachloroethene 
Trichloroethane, 1 , 1 , l- 
Ttichloroethene 
vinyl chloride 

Note: nc = notctassifiedasacarcinogen. 
nd = not determined. 
nv = not volatile. 
- = sinoe groundwater is not potable, no exposure to this nonvolatile chemical is expected to occur. 

l3ask C N = carcinogenic effects: nonvofatile chemicaf. 
cv= carcinogenic effecls: volatile chemical. 
N N = nonoarcinogenic effect% nonvolatile chemical. 
NV= noncarcinogenic &facts; volatile chemical. 

(a) No MCL has been determined: indicated value is the MCLG. 
(b) No MCL has been determined: indicated value is the drinking water action level. 
(c) Value for total bihafometh- 
(d) Value for the more toxfc cis- isomer. 

l RSCs based on formulas provided by EPA (1995b) and the most recent RfDs and CSFs from EPA sourcas (IRIS. 1996: EPA, 1995a lgJ5b). 

Source: ESE. 



Table 6-5. COPCs for the HRA and Media in Which Detected/Modeled 

Chemical Soil Groundwater Indoor Air 

IOCS 
Al-S&C 

Thallium 

MunitionslNitroaromatic Compounds 
Dinitrotoluene, 2,4- 
Nitrosodi-n-propylamine, N- 

PAHS 
Benz(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Chrysene 
Indeno( 1,2,3-cd)pyrene 

Pesticides 
Aldrin 
Chlordane, alpha- 
Chlordane, gamma- 
Lindane 

vocs, misc. 
Acetone 
Bromodichloromethane 
Carbon tetrachloride 
Chloroform 
Dichloroethane, 1, l- 
Dichloroethene, 1, l- 
Dichloroethene, 1,2- 
Methylene chloride 
Tetrachloroethene 
Ttichloroethane, 1 , 1, l- 
Trichloroethene 
Vinyl chloride 

M,S 
M 

M 
M 

M,S 
S 
S 
S 

MS 
S 

E 
E 
E 
E 

E,S 
E 

J&S 
E 

E,S 
E 

KS 
E 

Note: E = COPC detected in previous ESE samples from the designated medium. 
G = COPC modeled from groundwater into the designated medium by ESE. 
M = COPC detected in the designated medium by Malcolm Pirnie. 
S = COPC detected in 1995 ESE samples from the designated medium. 
- = not applicable for this medium. 

Source: ESE. 



Table 6-6. Chemical-Specific Input Parameters for the Groundwater-to-Indoor Air Model 

Acetone 

Bromodichloromethane w 

Carbon tetrachloride 

Chloroform 

1 , 1-Dichloroethane 

1 , 1-Dichloroethene 

1,2-Dichioroethene 

Methylene chloride 

Tetrachioroethene 

1 , 1 , 1-Trichloroethane 

Trichloroethene 

Vinyl Chloride 

1.59 x 106 0.000919 

9.6 x 10’ 0.107 

9.9 x 10’ 1.07 

1.12 x 106 0.128 

1.23 x 106 0.192 

1.24 x 106 1.52 

1.24 x 106 0.315 

1.32 x 106 0.091 

9.5 x 1oJ 1.16 

1.06 x 106 0.642 

1.07 x 106 0.41 

1.53 x 106 3.65 

Note: c, = concentration in indoor air. 
c, = concentration in groundwater. 
Da = diffusion coefficient in air. 
H= Henry’s Law constant. 

MW = molecular weight. 

“‘Lyman et al., 1982. 
o EPA, 1986d. 
N ATSDR, 1988a. 

*Based on the following formula: 

.i j 
.,I’ CA...;.<:” .ij (J4g/I$. : 

1,300 

102 

102 

60 

540 

140 

500 

9 

155 

1,100 

1,370 

34 

0.21 !58 

0.972 164 

10 154 

0.95 119 

14.1 !J9 

17.3 !37 

11.4 !37 

8.4 r55 

3.3 166 

82.7 133 

14.5 131 

12.1 63 



Table 6-7. Chronic Dose-Response Toxicity Constants for the HRA COPCs (Page 1 of 3) 

Chemical Oral RfD (UF)’ Inhal RfD (UF)* Oral CSF’ Oral WOE Iuhal CSF”” Inhal WOE 

Inorganic Chemicals (IOC) 
ArseniC 

Thallium 
3.OE-04 (3) 
8.OE-05” (3,000) 

Nitro Compounds / Explosives 
Dinitrotoluene, 2,4- 
Nitrosodi-N-propylatnine, N- 

2.OE-03 (100) 
9.5E-03N3 (100,000) 

Pesticides 
Aldrin 
BHC, gamma- (Lindane) 
Chlordane, alpha- 
Chlordane, gamma- 

3.OE-05 (1,000) 
3.OE-04 (1,000) 
6 .OE-OSP’ ( 1,000) 
6.0E-OSP’ (1,000) 

Polycyclic Aromatic Hydrocarbons (PAHs) 
Benx(a)anthracene 3.0E-02H’ (3,000) 
Benxo(b)fluoranthene 3.0E-02H’ (3,000) 
Beruo(k)fluoranthene 3.OE-02”’ (3,000) 
Benzo(a)pyrene 3.OE-02”’ (3,000) 
Chrysene 3.0E-02H’ (3,000) 
Indeno(l,2,3cd)pyrene 3.0E-02H’ (3,000) 

Miscellaneous Volatile Organic Chemicals (VOC) 
Acetone l.OE-01 (1,000) 
Bromodicbloromethane 2.OE-02 (1,000) 
Carbon tetrachloride 7.OE-04 (1,000) 
Chloroform l.OE-02 (1,000) 
Dichloroethane, 1,i - l.OE-01’ (1,000) 
Dichloroethene, 1, l- 9.OE-03 (1,000) 
Dichloroethenes, 1,2-, total 9.OE-03’ (1,000) 

-- 

-- 
-_ 

-- 
_- 

-- 

-- 
-- 
-- 

5.7E-O4# (na) 
-- 

1.4E-01’ (1,ooO) 

-- 

1.5E+OO 
_- 

A 

6.8E-OIN’ B2 
7.OE -t-O0 B2 

1.7E+Ol 
1.3E+OOX 
1.3E+OOP’ 
1.3E+OOP1 

B2 
B2/C 
B2 
B2 

7.3E-01’” 
7.3E-OlH2 
7.3E-02H2 
7.3E+OO 
7.3E-03H1 
7.3E-OIHZ 

B2 
B2 
B2 
B2 
B2 
B2 

-- 

6.2E-02 
1.3E-01 
6.1E-03 

ndw 
6.OE-01 

B2 
B2 
B2 
C 
C 

-- 

1.5E+Ol’ 
__ 

udN’J 

,,dW 

1.7E+Ol 
ndm 

1.3E+OOP’ 
1.3EfOOP’ 

6.1E-O1”* 
6.1E-OlH2 
6.1E-02= 
6.lE+OO 
6. 1E-03H2 
6.1E-01’” 

-- 

nd”’ 
5.3E-02 
8.1E-02’ 

nd”’ 
1.8E-OlU 

-- 

A 

B2 
B2 

B2 
B2lC 
B2 
B2 

B2 
B2 
B2 
B2 
B2 
B2 

B2 
B2 
B2 
C 
C 



Table 6-7. Chronic Dose-Response Toxicity Constants for the HRA COPCs (Page 2 of 3) 

Chemical Oral RfD (UF)’ Inhal RfD (UF)” Oral CSF’ Oral WOE Inhal CSF- Inhal WOE 

VOCs, cont. 
Methylene chloride 
Tetrachloroethene 
Trichloroethane, 1 , 1, l- 
Trichloroethene 
Vinyl chloride 

6.OE-02 (100) 
l.OE-02 (1,000) 
9.OE-02’ (1,000) 
6.0e-03” (na) 
1.3E-03”’ (100) 

8.6E-01’ (100) 7.5E-03 B2 1.6E-03 B2 
__ 5.2E-02V’,X* B2”’ 1.8E-03V4,# B2” 

2.9E-01” (1,000) -- -_ 
__ 1.1 EXI~“~,~ B2”’ 6.0E-03V4,” B2” 
ww 1.9E+OOX A 3.OE-01’ A 

Note: RfD = 
UF= 
MF = 

CSF = 
WOE = 
inhal = 

na = 
nd = 

MRL = 
mglkglday = 

mg/L = 
/lglL = 

L/day = 

reference dose [mg/kg/day]. 
uncertainty factor. 
modifying factor. 
cancer slope factor [(mg/kg/day)*]. 
weight of evidence for ranking as a human carcinogen (see Table 6-8). 
inhalation. 
not applicable. 
not determined. 
minima1 risk level. 
milligrams per kilogram per day. 
milligrams per liter. 
micrograms per liter. 
liters per day. 

(Hl) No RfD is available for this PAH; the lowest non-naphthalene value (pyrene) is used for comparison, only. 
(H2) CSF for this potentially carcinogenic PAH is an interim value from EPA ECAO and listed in EPA Region III’s Risk-Based Concentration Table, 

July - December 1995 (EPA, 1995b). Th e value is based on the CSF for benxo(a)pyrene and the following Toxicity Equivalency Factors: 
benx(a)anthracene, 0.1; benzo(b)fluoranthene, 0.1; benxo(k)fluoranthene, 0.01; chrysene, 0.001; dibenz(ah)anthracene, 1.0; aud indeno(l,2,3- 
cd)pyrene, 0.1. 

-*. 
(11) No orai RID is avaiiabie for metaiiic thaihum; the iisted vaiue for thaiiium chioride is from HEAST (EPA, i995aj. 
(Nl) No oral CSF is available for this nitro compound alone; the listed value is for 2,4diuitrotoluene/2,6dinitrotoluenemixture. 



Table 6-7. Chronic Dose-Response Toxicity Constants for the I-IRA COPCs (Page 3 of 3) 

W) 

(N3) 

Pl) 
m 

(Vi) 

m 

(V3) 

(V4) 
(V5) 

Although EPA has classified this chemical as a Group B2 suspect human carcinogen via inhalation, no CSF has been developed for this exposure 
pathway. 
Oral RfD for N-nitrosodi-N-propylamine based on an acute oral MRL for rats of 0.095 mglkglday (ATSDR, 1988b) and an uncertainty factor of 10 
(for acute-to-chronic extrapolation). 
No RfD or CSF is available for individual chlordane isomers; listed values are for total chlordane. 
Although EPA has classified this pesticide as a Group B2/C suspect human carcinogen via inhalation, no CSF has been developed for this exposure 
pathway. 
Although EPA has classified this chemical as a Group B2 suspect human carcinogen via inhalation, no CSF 1 .( been developed for this exposure 
pathway. 
Although EPA has classified this chemical as a Group C possible human carcinogen via ingestion, no CSF has been developed for this exposure 
pathway. 
Although EPA has classified this chemical as a Group C possible human carcinogen via inhalation, no CSF has been developed for this exposure 
pathway. / 

CSFs and WOES for this VOC have been withdrawn from IRIS pending further review. 
Listed value for vinyl chloride is the chronic oral MRL (ATSDR, 1989b). 

‘All oral RfDs, oral CSFs, and WOES are available in IRIS (1996), unless otherwise noted. 
“Inhalation RfDs are based on the inhalation RfC available iu IRIS (1996) and assume that a healthy 70-kilogram adult inhales 20 m’/day air, unless 

othenvise noted. 
“Inhalation CSFs are based on the inhalation UR available in IRIS (1996) and assume that a healthy 70-kilogram adult inhales 20 m3/day air, unless 

otherwise noted. 
Yalue available in HEAST, 1995 Annual Update (EPA, 1995a). 
%ovisional value available from the EPA-NCEA Superfund Health Risk Technical Support Center and presented in EPA Region III’s Risk-Based 

Concentration Table, July - December 1995 (EPA, 1995b). 

Source: ESE. 



Table 6-8. Weight-of-Evidence Categories for Potential Carcinogens 

EPA Description 
Category of Group Description of Evidence 

Group A Human carcinogen Sufficient evidence from epidemiologic studies to support a 
causal assocktion between exposure and cancer 

Group Bl 

Group B2 

Probable human 
carcinogen 

Probable human 
carcinogen 

Limited evidence of carcinogenicity in humans from 
epidemiologic studies 

Sufficient evidence of carcinogenicity in animals but 
inadequate data in humans 

Group C Possible human 
carcinogen 

Limited evidence of carcinogenicity in animals 

Group D Not classified Inadequate evidence of carcinogenicity in animals 

Group E No evidence of 
carcinogenicity 
in humans 

No evidence of carcinogenicity in at least two adequate 
animal tests or in both epidemiologic and animal studies 

Source: IRIS, 1996. 



Table 6-9. Summary of Human HIS and Risks (Page 1 of 2) 

Risk Receptor Exposure Medium Exposure Pathway HI Scenario 

Current Worker Adult Air I Inhalation 2E-01 4E-05 

1 E-02 
4E-03 
1 E-02 

4E-06 
2E-07 
4E-06 

2E-01 4E-05 TOTAL 

9E-04 Future Worker 4E+OO 

5E-02 
8E-02 

Adult Air inhalation 

Soil 2E-05 
3E-06 
2E-05 1 E-01 

I TOTAL 4E+OO 9E-04 

Future Residential Inhalation 4E+OO Adult 

8E-02 
2E-01 

Dermal 
Oral 

Subtotal 3E-01 

5E+OO 

Child 
I 

Air 
I 

Inhalation 2E+Ol 

2E-01 
2E+OO 
2E+OO 

I TOTAL 2E+Ol m- 



Table 6-9. Summary of Human His and Risks (Page 2 of 2) 

Exposure Medium Exposure Pathway 

Future Residential, 

Note: --- = not evaluated for this exposure scenario. _ 

Source: ESE. 



Table 6-10. Uncertainties in the HRA Process 

COPC 
Selection 

Exposure 
Assessment 

Toxicity 
Assessment 

Risk 
Characterization 

0 Chemical monitoring data collected over time, analyzed by different 
laboratories, and evaluated using varying quality assurance 
methodology 

0 Presence of tentatively identified compounds (TICS) 
0 Current and future land uses 
0 Risk-based concentration screening 

0 Selection of site-specific exposure pathways 
0 Estimation of indoor air exposure concentrations without monitoring 

data 
0 Estimation of exposure to multiple substances 
0 Estimation of exposure parameters 

0 Selection of toxicity values 
0 Factors used in derivation of reference doses (RfDs), including 

interspecies extrapolation 
0 Weight-of-evidence for human carcinogenicity 
0 Derivation of carcinogenic slope factors (CSFs) 
l Extrapolation of less-than-lifetime exposure to lifetime cancer risks 
0 Interaction of multiple substance-s 

0 Addition of risks across multiple exposure pathways 
l Addition of risks from multiple substances 

Source: ESE. 
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Table 6-12. COPCs for the ERA and Media in Which Detected/Modeled (Page 1 of 2) 

Chemical Soil Sediment Groundwater Surface Water 

IOCS 
Antimony 
Arsenic 

Barium 
Beryllium 
Cadmium 
Chromium 
Copper 
TrOIl 

Manganese 
Mercury 
Nickel 
Selenium 
Silver 
Thallium 
Vanadium 
ZillC 

Munitions/Nitroaromatic Compounds 
Dinitrotoluene, 2,4- 
Nitrosodi-n-propylamine, N- 

PAHS 
Acenaphthene 
Benz(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(ghi)perylene 
BenzoQfluoranthene 

chry=e 
Fluoranthene 
Indeno(l,2,3-@pyrene 
Phenanthrene 
Pyrene 

Pesticides 
Aldrin 
BHC, beta- 
BHC, delta- 
Chlordane, alpha- 
Chlordane, gamma- 
DDD, P,P’- 
DDE, p,p’- 
DDT, P,P’- 
Endosulfan sulfate 
Lindane 

MS 
S 

KS 
S 

MS 

M 
S 

M,S 

M 
M 

M 
WS 

S 
S 
S 
S 

M,S 
KS 

S 
M,S 

S 

S 
S 
S 
S 
s 

KS 
M,S 
M 
M 
S 

G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 

G 

E 
W 
W 
E 

W 
E 
E 
S 

E,S 
S 
E 
E 
E 
E 
S 

ES 

G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 

G 



Table 6-12. COPCs for the ERA and Media in Which Detected/Modeled (Page 2 of 2) 

Chemical Soil Sediment Groundwater Surface Water 

SVOCs, Miscellaneous 
Bis(2-ethylhexyl) phthalate 
Butylhenzyl phthalate 
Di-n-butyl phthalate 
Dichlorobenzene, 1,4- 
Dimethylphenol, 2,4- 
Phenol 
Trichlorobenzene, 1,2,4- 

VOCs, Miscellaneous 
Acetone 
Benzene 
Bromodichloromethane 
Carbon tetrachloride 
Chloroform 
Dichloroethaue, 1 , 1 - 
Dichloroethene, 1 , 1 - 
Dichloroethene, 1,2- 
Methylene chloride 
Tetrachloroethene 
Toluene 
Trichloroethane, l,l,l- 
Trichloroethene 
Vinyl chloride 
X ylenes 

S 
M 
M 
M 
M 

MS 
M 

E 
E 

E 
E 
E 

ES 
E,S 
E 

E 

E 
E 
E 

J&S 
E 

ES 
E 

E,S 

E 
KS 
E 

Note: E = COPC detected in previous ESE samples from the designated medium. 
G = COPC modeled from groundwater into the designated medium by ESE. 
M = COPC detected in the designated medium by Malcolm Pirnie. 
S = COPC detected in 1995 ESE samples from the designated medium. 
- = not applicable for this medium. 

Source: ESE. 

{QDRUM-RA3lV-COFCE.TBUdbclO7May%} 



Table 6-13. Ecological Evaluations of Surface Water/Sediment Contamination Issues 

Aquatic Organisms - 10’ 
percentile LOAEL 

Sediment 

Aquatic Organisms - 
Acute AWQCs 

Surface Water 

Aquatic Organisms - 
Chronic AWQCs 

Surface Water 

Great Blue Heron - Contaminated 
estimated NOAEL level fish supply 

NOAA, 1990 

Federal and 
State AWQCs 

Federal and 
State AWQCs 

Literature 
Search 

Metals 

Metals, 
svoc, 
vocs 

Metals, 
svoc, 
vocs 

Metals, 
svoc, 
vocs 

Modelled from 
GW 

UC&, GW 
concentrations 

SW concentration 
modelled from GW 

UCL, values 

BCF factors 
applied to modelled 
SW concentrations 

Source: ESE. 



Table 6-l 4. Intake Parameters for the Great Blue Heron 

Exposure Factors Source / Comments 

Stalmaster, 1987 
Conservative estimate based on bald eagle 
Conservative estimate 

Lifespan for the bald eagle (Stalmaster, 1987) 

ED * 365 days/year 

Source: ESE. 

{aDRUM-RA3/H-INTAKE.WQlldbclOBMaysB) 



Table 6-l 5. Chemical intakes for the Great Blue Heron 

Acetone 
Antimony 
Arsenic 
Barium 
Beryllium 
Bis(2-ethylhexyl)phthalate 
Bromodichloromethane 
Cadmium 
Carbon tetrachloride 
Chloroform 6.00E-02 1.42E-08 3.75E+OO (c) 5.33E-08 5.33E-10 
Chromium 2.06E-01 4.aaE-08 1.60E+ol (c) 7.81 E-07 7. ai E-09 
Copper 550E-02 1.30E-08 2.00E+02 (c) 2.61E-06 2.61 E-08 
Dichloroethane, 1 ,l- 540E-01 1.28E-07 1.30EiOO (a) 1.66E-07 1.66E-09 
Dichloroethene, 1 ,l- 1.40E-01 3.32E-08 5.60E+OO (c) 1.86E-07 1.86E-09 
Dichloroethenes, 1,2-, total 5.00E-01 l.l9E-07 1.60E+oo (c) 1.90E-07 1.90E-09 
Iron 7.79E+OO 1,85E-06 
Lead l.O2E-01 2.42E-08 4.9;+01 (c) 1.1&06 l.lK-08 
Manganese 2.73E+OO 6.47E-07 
Mercury 3.00E-04 7.llE-11 5.5;+03 (c) 3.9::-07 3.9E09 
Methylene chloride 9.00E-03 2.13E-09 5.OOE+OO (c) l.O7E-08 l.O7E-10 
Nickel 8.70E-02 2.06E-08 4.70E+Ol (c) 9.69E-07 9.69E-09 
Selenium 9.00E-02 2.13&08 1.60E+01 (c) 3.41 E-07 3.41 E-09 
Silver 1.20E-02 2.04E-09 3.0aE+O3 (c) &76E-06 a. 76E-08 
Tetrachloroethene 1.55E-01 3.67E-08 3.10E+Ol (c) l.l4E-06 l.l4E-08 
Thallium 5.50E-03 1.30E-09 2.60E+02 (a,f) 3.39E-07 3.39E-09 
Trichloroethane, 1,l ,l- l.lOE+OO 2.61 E-07 5.60E+OO (c) 1.46E-06 1.46E-08 
Trichloroethene 1.37E+OO 3.25E-07 l.o6E+ol (c) 3.44E-06 3&E-08 
Vinyl chloride 3.40E-02 &06E-09 l.l7E+OO (c) 9.43E-09 9.43E-11 
Zinc 4.16E-01 9.86E-08 4.70E+Ol (c) 4.63E-06 4.63E-08 

Note: BCF = bioconcentration factor. 
Of= chemical concentration in fish = Csw * BCF. 

cgw = chemical concentration in groundwater (Appendix J, Table J-2). 
csw = chemical concentration in surface water = Cgw l dilution factor (2.37E-07). 

(a) Hazardous Substances Data Bank (HSDB), 1996. 
(b) Based on a single static test with haddock. 
(c) EPA Superfund Public Heatth Evaluation Manual (SPHEM), 1986d. 
(d) Oil and Hazardous Materials/Technical Assistance Data System (OHM/TADS), 1996. 
(e) Average value for several freshwater species, 
(9 Average value of muscle, liver, and gills for the Atlantic salmon. 

l Chemical Intake = Fish Intake (Table 6-14) l Cf. 

Source: ESE. 



Table 6-16. Ecotoxicity Benchmark Values for the Great Blue Heron (Page 1 of 7) 

COPC 

Study Organism 

(Common Name) 

Study Organism 

(Scientific Name) Test Endpoint * Cont. Units Reference 

Acetone Dog UnSpecified LOLO 6.00Et03 mgikg RTECS, TOMES Vol. 29.1996 

Mouse Unspactffed LD50 3.00Et93 ma/kg PCJ, 1980 (RTECS. TOMES Vol. 29,1996) 

a Pheasant Ring-Necked Phasiws cdchicus LC59 > 4.96Et64 ppm USFWS, 1975 (HSDB. TOMES Vol. 29.1996) 

a Quail, Japanwe Cotmix cdumix japonica LC59 > 4.06EtO4 ppm USFWS. 1966 (HSDB. TOMES Vol. 29,1996) 

Rabbit Unspecified LD56 534Et93 mglkg FAO, 1970 (RTECS. TOMES Vol. 29,1996) 

Rat Unspecfffed LD50 5.6OEt93 mgikg JTEH, 1985 (RTEGS, TOMES Vol. 29,1996) 

a Bird Average various LC50 > 4.09Et04 ppm 

Antimony Rat 

f7al 

Unspeciffed 

Unspecified 

Acute 

Chronic 

LD50 

LOAEL 

7.OOEtO3 mg/kg 

3.50E-01 mgikglday 

RTECS, TOMES Vol. 29.1996 

IRIS, TOMES Vol. 29, 1996 

PIrsenic Chicken 

Chicken 

fleer, White-tailed 

Duck, Mallard 

Duckling 

Horse 

Mouse 

Mouse 

Rabbit Wild 

Unspecified 

Unspeciffed 

0docoileu.s virginianus 

Anas plafyrhyncos 

Unspecified 

Unspecified 

Unspecified 

Unspecified 

Syhdagus sp. 

LDLo 

LDLo 

TD’ 

Acute LD59 

Subchronic LOAEL 

Chronic NOEL 

Acute LD50 

Acute LOEC 

1.SOEt01 mg/kg/day 

2.39E t 00 mglkglday 

3.40EtOl mgikg-bw 

5.9OEt02 mg/kg-bw 

1.69E to1 ‘mg/kg/day 

1.3OE t 00 mg/kg/day 

1.69E t 06 mg/kg/day 

4.9OEtOl mglkg-bwlday 

1.95EtOl mglkg-bw 

Hatch. 1977 

Hatch, 1977 

USFWS. 1966 

USFWS, 1966 

ESE. 1969 

Radeleff, 1970 

Gough et al., 1979 

EPA, HEA. 1964 

USFWS, 1966 

Barium Dog 
Guinea pig 

Mouse 

Rabbit 

Rat 

Ral 

Unspecified 

UnSpeCifi.Sd 

Unspecified 

Unspecified 

Unspecified 

Unspecified 

Acute 

Acute 

Acute 

Acute 

Acute 

Acute 

LLD 

LLD 

LLD 

LLD 

LD50 

LD56 

9.9OEtOl mg/kg-bw 

7.6OEtOl mg/kg-bw 

7.99EtOl mgikg-bw 

1.70Et02 mg/kg-bw 

l.lSEt02 mg/kg-bw 

4.16Et02 mg/kg-bw 

RTECS, TOMES Vol. 29.1996 

RTECS, TOMES Vol. 29,1996 

RTECS, TOMES Vol. 29,1996 

RTECS. TOMES Vol. 29, 1996 

RTECS. TOMES Vol. 29.1996 

RTECS, TOMES Vol. 29, 1996 

Beryllium Unspecified Chronic NOAEL 5.4OEal mglkglday IRIS. TOMES Vol. 29, 1996 



Table 6-16. Ecofoxfcfty BenchmarkValues for the Great Blue Heron (Page 2 of 7) 

COPC 
Study Organkm 

(Common Name) 

study Organism 

(Scientific Name) Test Endpoint l Cont. (Jnits Reference 

Bis(2-efhylhexyl) phtfmlafe Guinea pig 

b Mouse 

b Mouse 

b Mouse 

Rabbit 

Ral 

Rat Wisfar (male) 

Rat Wfsfar (male) 

b Mouse Average 

Unspecified 

Unspecified 

Unspacified 

Unspecified 

Unspecified 

Unspecified 

Unspecified 

Acute 

Acute 

Acute 

Acute 

Acute 

Acute 

Acute 

Acute 

Acute 

LD56 

LDNI 

LD56 

LD59 

LD59 

LD59 

LD56 

LD66 

LD56 

263Et94 mg/kg 

4QQEt94 mg/kg 

2.6QEt64 mg/kg 

3.35Et64 mg/kg 

339Et64 mg/kg 

2.60EtQ4 mglkg 

> 3.40Et04 mg/kg 

396E+64 mglkg 

3.62EtQ4 mglkg 

Krauskopf. 1973 

Yamada, 1974 

Paffy, 1967 

Krauskopf. 1973 

Shaffer et al., 1945 

Patty, 1967 

Hedge. 1943 

Shaffer et al., 1945 

Bromodichloromefhane Mouse 

Mouse 

Rat 

Unspecified 

Unspecified 

Unspecified 

Acute 

Chronic 

Acute 

LD56 

LOAEL 

LD5Q 

4.5QEt02 mg/kg 

1.79E t 01 mg/kg/day 

4.30Et02 mgikg 

RTECS, TOMES Vol. 29.1996 

IRIS, TOMES Vol. 29, 1996 

RTECS, TOMES Vol. 29,1996 

Cadmium Mouse 

Quail. Japanese 

Rabbi 

Unspecified 

Coturnix cwturnix japonica 

Unspecffied 

Acute 

Chronic 

Acute 

LD6r.J 

LOEL 

LDLo 

6.QQEt 02 mg/kg 

7.5QE t 01 mg/kg 

7.00EtOl mg/kg 

RTECS, TOMES Vol. 29,1996 

Richardson et al.. 1974 (ECOTOX, 1995) 

RTECS, TOMES Vol. 29,1996 

Carbon fefrachloride Rat Unspecified Subchronic NOAEL 7.10E-01 mg/kg/day IRIS, TOMES Vol. 29, 1996 

Chloroform 

2 

Dog 
Guinea pig 

Mouse 

Rabbi 

Rabbif 

Rat 

Rat, white 

Unspecified 

Unspecified 

Unspecified 

Unspecified 

Unspecified 

Unspecified 

Unspecified 

Unspecified 

Unspecified 

Acute 

Acute 

Chronic 

Acute 

Acute 

Acute 

Acute 

Acute 

Acute 

LDSO 

LDLo 

LOAEL 

LD56 

LD59 

LD56 

LDLo 

LD59 

LD56 

2.25Et93 mg/kg 

1.99Et93 mg/kg 

1.2QEtOl mg/kg/day 

6.20Et02 mglkg 

3.69EtOl mg/kg 

9.63Et03 mg/kg 

599Et02 mg/kg 

9.06Et02 mglkg 

2.16Et03 mg/kg 

HSDB, TOMES Vol. 29,1996 

RTECS, TOMES WI. 29,1QQ6 

IRIS, TOMES Vol. 29, 1996 

RTECS, TOMES Vol. 29,1996 

RTECS, TOMES Vol. 2Q,19Q6 

HSDB. TOMES Vol. 29.1996 

RTECS, TOMES Vol. 29.1996 

RTECS, TOMES Vol. 29,1996 

HSDB, TOMES Vol. 29,1996 



Table 6-16. Ecofoxicky Benchmark Values for the Great Blue Heron (Page 3 of 7) 

SOPC 

Study Organism 

(Common Name) 

Study Organism 

(Scienfiffc Name) Test Endpoint l Cont. Units Reference 

Chromium Ill 
Chromium VI 

Duck. Black 

Rat 

Rat 

Arms rubripes 

Unspecified 

Unspecified 

Acute 

Chronic 

Chronic 

NOAEL 

NOEL 

NOAEL 

l.QQEt02 ppm 

1.47EtQ3 mg/kg/day 

2.40Et66 mg/kg/day 

USPWS, 1966 

IRIS, TOMES Vol. 29, 1996 

IRIS, TOMES Vol. 29, 1996 

Copper Lamb 

Lamb 

Lamb 

Mouse 
Pheasant 

Rat 

Rat 

flat 

Sheep 

Sheep 

Swine 

Swine 

Unspeciffed 

Unspaciffed 

Unspecified 

Unspecified 

Unspecified 

Unsgecffied 

Unspecified 

Unspecified 

Unspecfffed 

Unspecified 

Unspecified 

DealJl 2.70EtOl mg/kg Tab et al.. 1971 

Acute fhalh 9.M)EtrM mg/L Nilson, 1966 

Acute fhalh 2.70EtOl mg/kg Taif et al., 1971 

Chronic LOAEL 4.25EtOl mg/kg/day Massie and Aiello, 1984 (ATSDR. 1964) 

Acute LC5Q 7.67Et02 me/kg Wifo Working Group, 1992 (foxfine. 1995) 

NOEC 6.96EtOl mglkg-bwlday EPA, 1964 

Acute NOAEL 2.56Et02 mg/Irg/day Haywood, 1965 (ATSDR, 1990) 

Subchronic NOAEL 1.36Et02 mglkglday Uewellyn. 1965 (ASTDR,lQQQ) 

Acute Death 2.00Et02 mglkgbw Osweiler et al.. 1965 

Chronic lSQEt66 g/day Clement et al.. 1965 

Chronic 269EtQ9 mglkg-bwlday USATHAMA, 1969 

Chronic 2.5QEt02 mg/kg USATHAMA. 1969 

Dichlorcefhane, l.l- c Rat 

c flat 

c Rat Average 

Unspecified 

Unspecified 

Unspecified 

Acute 

Acute 

Acute 

LD5Q 

LD56 

LD56 

1.41EtQ4 mg/kg 

7.25EtM mg/kg 

7.41EtQ3 

HSDB. TOMES Vol. 29,19Q6 

RTECS. TOMES Vol. 291996 

Diohloroefhene, l,l- Dog 
Mouse 

Rat 

Rat 

Rat 

Unspecified 

Unspecified 

Unspecified 

Unspecified 

Unspecified 

Acute 

Acute 

Acute 

Acute 

Chronic 

LDLo 

LD5Q 

LD59 

LD56 

LOAEL 

575EtQ3 mglkg 

1.94Et02 mg/kg 

2.9QEtM ma/kg 

l5OEtO3 mg/kg 

9.99EtW mg/kg/day 

RTECS. TOMES Vol. 2Q,l996 

RTECS, TOMES Vol. 29.1996 

RTECS, TOMES Vol. 29,19Q6 

HSDB. TOMES Vol. 29,1996 

IRIS, TOMES Vol. 29, 1996 

Dichloroefhene, 1,2- Rat Unspecified Acute LO59 7.70EtM mg/kg RTECS. TOMES Vol. 2Q,19Q6 

Iron Guinea Pig 

d Guinea Pig 

Guinea pig 

d Mouse 

Unspecified 

UnspecfBsd 

Unspecffied 

Unspscfffed 

Acute LD59 

Subohronic LO59 

Acute LDSO 
Subchronic LO56 

2.WEtQ4 mg/kg 

1.26EtQ3 mg/kg 

2.66EtQ4 me/kg 

9.79Et02 mg/kg 

RTECS, TOMES Vol. 29,1996 

EPA, 1964c 
RTECS, TOMES Vol. 29.1996 

EPA, 1964c 



Table 516. Ecotoxfcfty Benchmark Values for the Great Blue Heron (Page 4 of 7) 

COPC 

Study Organism 

(Common Name) 

Study Organism 

(Scfenfific Name) Test Endpoint l Cont. Units Reference 

Iron, cant Rat 

d f?at 

d Rat 

d Mammal Average 

Unspecified 

Unspecified 

Unspecified 

valious 

Acute LD50 3.00E+O4 mg/kg RTECS, TOMES Vol. 29.1996 

Subchronic LD50 3.19Et02 mglkg EPA, 1964~ 

Subchronic LD5CI 4.09Et03 mglkg EPA, 1984~ 

Subchronic LDM 1.62Et03 mg/kg 

Lead cow WQ 

cow (calf) 

Doe 
Dove, Mourning 

Duck, Mallard 

Horse 

Horse 

Horse 

Kestrel. American 

Mouse 

Quail, Japanese 

Sheep 

Unspecfffed 

Unspecified 

Unspecified 

Zenaida macroura 

Anas piatyrhyncos 

Unspecifk+d 

Unspecified 

Unspecified 

Falw sparverius 

Unspecified 

Cotufnix coturnix japmica 

Unspecified 

Chronic 

Chronic 

Chronic 

Chronic 

Chronic 

Chronic 

Chronic 

Chronic 

Chronic 

LD50 

Daath 

Death 

Death 

LC5O > 

NOEC 

6.3OEt02 

3.20EtOl 

2.94Et02 

7.20EtOl 

1.07Et02 

6.56Et02 

6.21Et02 

1.13Et03 

75OEt02 

66OEtOO 

5.OOEt03 

2.25Et02 

mglkg-bw 

mg/kg-bw 
mglkg-bw 

wlkg 
mglkg-bw 

mglkg-bw 

mglkg-bw 

mg/kg-bw 

mg/kg-bw 

mglkg-bw 

tvm 
mglkg-bw 

Doffahite et al., 1976 

Dollahife et al., 1976 

Clark, 1979 

Buerger et al., 1986 

Dollahite et al., 1976 

Burrows and Borchard, 1962 

Burrows and Borchard, 1982 

Hoffman et al., 1985 

Clark, 1979 

HSDB, TOMES Vol. 29,1996 

NRCC, 1973; Forbes and Sanderson. 1978 

Manganese Unspecified Acute LD59 Q.OOEt03 mglkg RECS. 1994 

Mercury Quail, Japanese 

fiat 

Coturtix coturnix japonica 

Unspecified 

Acute 

Chronic 

LD50 

NOAEL 

3.11EtOl mg/kg 

3.20E-01 mg/kg/day 

Hill and Soares. 1984 

Fiihugh et al., 1960 (ATSDR, 1989) 

Methylene chloride e Mouse 

Rat 

Unspecified 

Unspecified 

Chronic 

Acute 

LOEL 

LD50 

5.80Et02 mglkg 

1.6OEt03 mglkg 

Kirschman et al.. 1986 

Verschueren, 1983 

e Rat 

e Mammal Average 

Unspecified 

Various 

Chronic 

Chronic 

LOEL 

LOEL 

1.9OEtO2 mglkg 

3.85E t02 mglkg 

Kirschman et al.. 1986 

Nickel w Unspecified 

Guinea pig Unspecified 

Chronic 

LDLo 

63OEtOl mg/kg 

5.OOEtOO mg/kg-bw OHM/TADS, TOMES Vol. 29.1996 



Table 6-16. Ecofoxicii Benchmark Values for the Great Blue Heron (Page 5 of 7) 

COPC 

Study Organism 

(Common Name) 

Sfudy Organism 

(Scienfific Name) Test Endpoint l Cont. Units Reference 

Nickel, oont Rat 

Rat 

Rat 

Unspecified 

Unspecffied 

UnspacMed 

Chronic 

Chronic 

LOEL 

NOEL 

5.QQEtOi mg/kg-bw 

299EtOl mg/kg-bw 

5.96Et98 mglkg-bw 

Ambrose et al., 1976 

Nation et al.. 1985 

Ambrose et al., 1976 

Selenium Chicken 

COW 

COW 

COW 

Dog 
Duck, Mallard 

Hamster 

Horse 

Monkey 

pig 
Guail, Japanese 

Rat 

Rat 

Flat 

Rat 

S+eP 
Sheep 

Swine 

Swine 

Unspecified 

Unspecified 

Unspecified 

Unspecified 

Unspecified 

Unspecified 

Unspecified 

Unspecified 

Macaca irus 

Unspecified 

Coturnix mturnix japonica 

Unspecified 

Unspecified 

Unspecified 

Unspecified 

Unspecified 

Unspecified 

Unspeciffed 

Unspecified 

Acute 7.99Et96 ppm Lafshaw, 1976 (USPWS, 1985) 

MLD 4.59Et 96 mglkg OHM/TADS, TOMES Vol. 29.1996 

Acute Death l.lOEtOl mg/kg/day USFWS. 1984 

Acute LDZX 2.WJEtOO mglkg OHM/TADS, TOMES Vol. 29.1996 

Acute LD5fl 4.Ct6EtCrQ mg/kg OHM/TADS, TOMES Vol. 29. IQ96 

Chronic Death l.QQEt02 ppm USPWS. 1985 

Chronic NOAEL 4.20E-91 mglkglday Birf et al.. 1966 (ATSDR. 1989e) 

Acute Deafh 3.30E t 96 mg/kg/day USFWS, 1985 

Chronic NOEL 2.6QE-91 mglkglday EPA, 19844 

Acute MLD 6.96Et98 mg/kg OHM/TADS, TOMES Vol. 2Q,lQQ6 

Acute 69QEt98 ppm El-Bergeamri et al., 1977 (USPWS, 1985) 

Acute Death 2.30EtOl ppm ATSDR. 198Qe 

Acute LDMl 6.70E t03 mg/kg RTECS, TOMES Vol. 29, 1996 

Chronic NOAEL 3.96E-01 mglkglday Tmsley et al., 1967 and Harr 81 al., 1967 (ATSDR. 198Qe) 

Subchronic NOEL 1.60E-01 mg/kg/day EPA, 1964 

Death 4.96Et02 ppm EPA, 1985a 

Acute Death 3.2QE t 96 mg/kg/day USFWS. 1985 

Acute Death 1.59EtOl mglkglday USFWS, 1984 

Chronic > 5.00Et96 mglkg 

Silver No pertinent ecofoxlcity benchmarks were located in the available literature. 

Tetrachloroefhene cat 

Dog 
Mouse 

Mouse 

Rabbii 

Rat 

Rat 

Unspecffied 

Unspecified 

Unspecified 

Unspecified 

Unspecifted 

Unspeciffed 

UnSpeciffed 

Acute LDLo 

Acute LDLo 

Acute LDSO 

Subchronic LOAEL 

Acute LDLo 

Acute LD50 

Subohronic NOAEL 

4.99Et03 mglkg 

4.96Et03 mglkg 

8.10Et03 mg/kg 

7.10EtOl mglkglday 

5.00Et03 mglkg 

2.63Et93 ma/kg 

1.40EtOl mg/kg/day 

RTECS, TOMES Vol. 29,1996 

RTECS, TOMES Vol. 29, 1998 

RTECS. TOMES Vol. 29.1996 

IRIS, TOMES Vol. 29, 1998 

RTECS. TOMES Vol. 29,19Q6 
RTECS, TOMES voi. 29, iQQ(j 

IRIS, TOMES Vol. 29, 1996 



Table 616. Ecofoxicify Benchmark Vafues for the Great Blue Heron (Page 6 of 7) 

COPC 

Study Organism 

(Common Name) 

Study Organism 

(Scienffflc Name) Test Endpoint l Cont. Units Reference 

Thallium f Birds 

f Chicks 

Ratrabbiidog 
Small mammals 

f Bird Average 

various 

various 

Various 

various 

various 

Chronic 

Chronic 

Acute 

Acute 

Chronic 

LD 

LD 

LO50 

LD59 

LD 

29OEtOl mg/kg 

6.OOEtO8 mg/kg 

3.20EtOl mg/kg 

1.50Et01 mg/kg-bw 

1.30EtOl mg/kg 

OHM/TADS, TOMES Vol. 29,1996 

OHM/TADS, TOMES Vol. 29,1996 

OHM/TADS, TOMES Vol. 29,1996 

Sfokinger, 1981; EPA, 1988 

Trichloroethane. l.l,l- ooa 
g Guinea pig 

g Mouse 

g Flabbii 

-g Rat 

g Mammal Average 

Unspecified 

Unspecified 

Unspecified 

Unspecified 

Unspecified 

various 

Acute 

Acute 

Acute 

Acute 

Acute 

Acute 

LO56 

LD50 

LD56 

LD50 

LD50 

LD50 

75OEt02 mg/kg 

9.47E t 03 mg/kg 

6.OOE t03 mg/kg 

566EtO3 mg/kg 

9.60Et03 mglkg 

7.68Et03 mg/kg 

RTECS. TOMES Vol. 29, 1996 

RTECS, TOMES Vol. 29,1996 

RTECS, TOMES Vol. 29.1996 

RTECS, TOMES Vol. 29,1996 

RTECS. TOMES Vol. 29,1996 

. 

Tdchloroefhene 

z 
h Mouse 

Rabbit 

h Rat 

h Mamma) Average 

Unspecified 

Unspecified 

Unspecified 

Unspecified 

Unspecified 

various 

Acute 

Acute 

Acute 

Acufe 

Acute 

Acute 

LDLo 

LD50 

LD56 

LDLo 

LD50 

LD50 

586Et03 mg/kg 

568EtO3 mglkg 

2.40E t03 mg/kg 

7.33EtO3 mg/kg 

565Et03 mg/kg 

4.02E t 03 mglkg 

Handbook Tox., 1959 (HSDB. TOMES Vol. 29.1996) 

WHO, 1985 

RTECS. TOMES Vol. 2991996 

Handbook Tox.. 1959 (HSDB, TOMES Vol. 29, 1996) 

JACT. 1992 (RTECS, TOMES Vol. 29.1996) 

ilinyl chloride Rat Unspeciffed Acute LD50 5.OOE tO2 mglkg RTECS. TOMES Vol. 29.1996 

Zinc cat 

COW 

Ferret 

Ferret 

Mouse 

Mouse 

Pig 

Unspecified 

Unspecified 

Unspecified 

Unspecified 

Unspecified 

Unspecified 

Unspecified 

Subchronic NOEL 7.64EtOl mglkglday EPA, l984e 
Death 2.OOEtof g/kg EPA, f985a 

Acute Death 3.OOEtO3 ppm ATSDR. 1988~ 
Acute LOAEL 8.5OE t 02 mg/kg/day Sfraube et al., IQ80 (ATSDR, 1988c) 
Chronic LOAEL 3.80EtOl mglkglday ATSDR, 1988~ 
Subchronic NOEL 1.86E t02 mglkglday EPA, 19848 

Acute Death > 2.OQEtQ3 mglkg EPA, 1985a 



Table 6-16. Ecotoxicity Benchmark Values for the Great Blue Heron (Page 7 of 7) 

Study Organism 

(common Name) 

Study Organism 

(Scientific Name) 

1.25Et02 ma/kg/day 

9SOEtOl mgkg/day 

EPA, 19040 

EPA, l984e 

* Endpoint: LC / LD = lethal concentration /dose. 

LO=- 

56 = fifty percent 

LOEC / LOEL = lowest observed effect concentration I level. 

NOEC I NOEL = no observed effect concentration / level. 

NOAEC / NOAEL = no observed adverse effect concentration / level. 

TD = toxic dose. 

&b,c, etc. before a study organism indicates which benchmarks were averaged for a specific organism/group. 

Source: ESE. 



Table 6-l 7. TRVs for the Great Blue Heron 

Acetone 
Antimony 
Arsenic 
Barium 
Beryllium 
Bis(2ethylhexyl) phthalate 
Bromodichloromethane 
Cadmium 
Carbon tetrachloride 
Chloroform 
Chromium 
Copper 
Dichloroethane, 1 ,l- 
Dichloroethene, l,l- 
Dichloroethenes, 1,2-, total 
Iron 
Lead 
Manganese 
Mercury 
Methylene chloride 
Nickel 
Selenium 
Silver 
Tetrachloroethene 
Thallium 
Trichloroethane, 1 ,l ,l - 
Trichloroethene 
Vinyl chloride 
Zinc 

Chronic LOAEL 
Mallard Duck 

Chronic NOAEL 

1.79E+Ol Mouse Chronic LOAEL 80 2.24E-01 
750E+Ol Japanese Quail Chronic LOEL 80 9.38E-01 
7.1 OE-01 Rat Subchronic NOAEL 160 4.44E-03 
1.29E+Ol Dog Chronic LOAEL 80 1.61 E-01 
l.OOE+02 Black Duck Acute NOAEL 480 2.08E-01 
7.67E+02 Pheasant Acute LC50 1600 4.79E-01 
7.41E+03 Rat Average Acute LD50 1600 463E+OO 
9.00E+OO Rat Chronic LOAEL 80 1.13E-01 
7.70E+02 Rat Acute LD50 1600 4.81 E-01 
1.62E+03 Mammal Average Subchronic LD50 1600 l.OlE+OO 
7.50E+02 American Kestrel Chronic Unknown 800 9.38E-01 
3.OOE+O3 Mouse Acute LD50 1600 1*88E+OO 
3.10E+Ol Japanese Quail Acute LD50 1600 1.94E-02 
3.85E+02 Mammal Average Chronic LOEL 80 4.81 E+OO 
5.00E-1.00 Rat Chronic NOEL 16 3.13E-01 
1 .OOE+02 Mallard Duck Chronic LD 800 1.25E-01 

na na 
Subchro:: NOAEL 

na 
1.40E+Ol Rat 160 8.7&2 
1.30E+Ol Bird Average Chronic LD 800 183E-02 
7.68E+03 Mammal Average Acute LD50 1600 4,80E+OO 
4.02E+O3 Mammal Average Acute LD50 1600 2.51 E+OO 
5.00E+02 Rat Acute LD50 1600 3.13E-01 
1.88E+02 Rat Average Chronic NOAEL 16 l.l8E+Ol 

Not na = no pertinent toxicity information was located in available literature. 
nc = TRV could not be calculated due to lack of an applicable benchmark. 

(a) Uncertainty factors (UFs) are derived from Figure 6-1, Procedural Guidelines for Ecological Risk Assessments 
at U.S. Army Sites, USA, 1994. 

(b) TRV = Ecotoxicity Benchmark Value (Table 6-16) / UF. 

Source: ESE. 



Table 6-18. EQs for the Great Blue Heron Based on Fish Ingestion 

Chemical intake 

Acetone 
Antimony 
Arsenic 
Barium 
Beryllium 
Bis(2-ethylhexyl)phthalate 
Bromodichloromethane 
Cadmium 
Carbon tetrachloride 
Chloroform 
Chromium 
Copper 
Dichloroethane, 1 ,I - 
Dichloroethene, l,l- 
Dichloroethenes, 1,2-, total 
Iron 
Lead 
Manganese 
Mercury 
Methylene chloride 
Nickel 
Selenium 
Silver 
Tetrachloroethene 
Thallium 
Trichloroethane, 1 ,I ,l- 
Trichloroethene 
Vinyl chloride 
Zinc 

1.90E-09 
nc - 

1.18E-08 
nc 

3.91 E-09 
I .07E-10 
9.69E-09 
3.41 E-09 
8.76E-08 
1.14E-08 
3.39E-09 
1.46E-08 
3&E-08 
9.43E-11 
463E-08 

4.81 E-01 
1 .Ol E+OO 
9.38E-01 
1.88E+oo 
1 ME-02 

4.81 E+OO 
3.13E-01 
1.25E-01 

na 
8.75E-02 
1.63E-02 

4.80E+OO 
2.51 E+OO 
3.13E-01 
1.18E+ol 

4E-09 

1 E-08 

2E-07 
2E-11 
3E-08 
3E-08 

1 E-07 
2E-07 
3E-09 
1 E-08 
3E-10 
4E-09 

Note: na = no TRV is available for this chemical. 
nc = no chemical intake is calculated for this chemical. 
- = EQ could not be calculated due to lack of a chemical intake or TRV. 

*EQ = Chemical Intake (Table 6-l 5) / TRV (Table 6-l 7) 

Source: ESE. 



Table 819. Comparison of Surface Water Expxure Concentrations to Federal and State Water Qualii Criteria l (Page 1 of 2) 

COPCs 

Acetone 
Antimony 
Arsenic 
Barium 
Beryllium 
Bis(2-ethylhexyl) phthafate 
Bromodichkromefhane 
Cadmium 
Carbon tetrachloride 
Chloroform 
Chromium, total 

tipper 
Dichloroethane, l.l- 
Dlchloroethene, l.l- 
Dichloroethenes, 1,2-, total 
Iron 
Lead 
Manganese 
Mercury 
Methylene chkrfda 
Nickel 
Selenium 
Silver 
Tetrachloroathene 
Thallium 
Trichloroethane. l,l,l- 
Trkhloroelhene 
Vinyl chloride 
Zinc 

Acute 
Surface 
Water 

Cont. (1) 

1.30Et03 
52OEtOl 
1.20EtO2 
1.73Et02 
5OOEtOO 
5.40EtOl 
12OEt02 
l.5OEtol 
1.20Et02 
6.OOEtOl 
2.06EtO2 
5.50EtOl 
5.40EtCQ 
1.40EtM 
5.OOEtM 
7.79Et03 
1.02Et02 
2.73Et03 

3.00E-01 
9.OOEtw 
8.70EtOl 
9.OOEtOl 
1.20EtOl 
lS5Et02 
5.50EtW 
l.lOEtO3 
1.37Eto3 
3.40EtOl 
4.16Et02 

Chronk 
surface 
Water 

Cont. (2) 

3.08E-04 
1.23E-05 
2.84E.05 
4.lOE-05 
1.19E-06 
1.26E-05 
2.84E-05 
3.58E-06 
2.84E-05 
1.42E-05 
4.88E-05 
1.3OE-05 
1.28E-04 
3.32E-05 
1.19E-04 
1.85E-03 
2.42E-05 
6.47E-04 
7.llE-08 
2.13E-06 
2.08EX15 
2.13E-05 
2.84Ea 
3.67E-05 
1.30E-06 
2.81 E-04 
3.25E-04 
8.06E-08 
9.88E-05 

Protection of Freshwater Aquatic Life 

Federal AWQC (3) 

3.OOEtOO f 

1.24Et03 b 

1.2OEtOl c 

Virginia State WQS 

~.60EtG! a 

%.9OEtOO c 

1.77Et01 c 

3.16EtOl c 

2.40Etoa 

1.42EtO3 c 
2.O!lEtOl 
4.06Et00 c 

1.17EtO2 c 

Chronic 

1.9OEt02 a 

l.lOEtOO c 

1.18EtOl c 

3.18EtOO c 

1.2OE-02 

1.58Ei.02 ‘ 
5.OOEtOO 

1.06EtM < 

Protection of Marine Aquatic Life 

Federal AWOC (3) 

Acute 

1.5OEt03 
6.9OEtOl a 

2.94EtO3 f 
1.2OEtO4 b, 
4.30EtOl 
5.OOEt04 b 

l.lOEt03 d 

224Et05 b,l 
2.24Et05 b,l 

1.40Et02 

2.10EtOO 
12OEtO4 b, 
75OEtOl e 
3.OOEt02 
7.20EtOO 

1.02EtO4 b 
2.13Et03 b 
3.12Eto4 b 
2.OOEt03 b 

9SOEtOl 

Chronic 

5.OOEt02 
36OEtOl a 

3.40EtOO f 
6.40EtO3 b, 
9.30EtOO 

5.OOEtOl d 

5.60EtOO 

2.5OEv02 
6.40Ei.03 b 
8.30EtOO 8 
7.10E+01 
92OE-01 
4SOEtO2 b 

86OEtOl 

Virginia State WPS 

Acute 

MOE+01 a 

4.30EtOi 

UOEtOO 

7SOEtOl 

Z.lOEtOO 

7.5OEtOl 
3.OOEt02 
2.30EtOO 

950EtOl 

3.60EtOl a 

9.30EMO 

2.9OEtOO 

8.30EtOO 

2.ME-02 

8.30EtOO 
7.10EtOl 

8.80EtOl 

Acute 
values 

Exceeding 
suggested 

Acute 
AFiARs? 

-_ 

No 

GD 

No 
No 
No 

A& 
No 
No 
A 

A.&D 

No 
No 
_- 

A.B,D 
__ 

No 
No 

CD 
A.B 

A,B,C.D 
No 
No 
No 
No 

M’,C.D 

Chronic 
Values 

Exceeding 
Suggested 

Chronic 
ARARs7 

-_ 

No 
No 

No 
No 
No 
No 
No 
No 
No 
No 

No 
No 
No 
No 
-_ 

No 
No 
No 
No 
No 
No 
No 
No 
No 

No 



Tabie S-19. Comparison of Surface Water Exposure Concentrations to Federal and State Water Qualii Criteria l (Continued, Page 2 of 2) 

Note: AWQC = EPA ambient water quality criteria. 
was = waterquafitystandard. 
LOEL = lowest observed effect level. 

l&l/L = micrograms per liter. 
- = no comparison can be made due to lack of federal and state criteria 

(1) Assumes that surface water concentration at point of conftuence is equivalent to groundwater conoentration. 
(2) Modeled surfsa water concentration based on grotmdwater concentration and a surface water dilution factor (2.37G7). 
(3) Values are from EPA’8 Integrated Risk Information System (IRIS, lQQ6), unless otherwise specified. 
(a) Value for trivalent arsenic. 
(b) lnsufhcient data are available to determine an AWQC; reported value is the LOEL 
(c) Hardnessdependent criteria assumes water hardness of 100 ma/L calcium carbonate. 
(d) Value for the more toxic hexavalent chromium. 
(e) Value for soluble nickel salts. 
(f) Value for total phthalate esters. 
(g) Value for total halomethanes. 
(h) Value for total diihloroethenes. 
(p) Proposed value. 
(A) Acute surface water exposure ooncenhatfon exceeds Federal Acute AWQC for freshwater aquatic life. 
(6) Acute surface water exposure wnwntratlon exoeeds Vlrglnla State Acute WCS for freshwater aquatic life. 
(C) Acute surface water exposure concentration exceeds Federal Acute AWQC for marine aquatic life. 
(0) Acute surface water exposure concentration exceeds Virginia State Acute WQS for marine aquatic life. 

*All units are ug/L 

Source: ESE. 



Table 6-20. Comparison of Modeled Sediment Concentrations to NOAA Sediment Benchmark Values * 

COPCS 

Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium, total 
Copper 
Iron 
Lead 
Manganese 
Mercury 
Nickel 
Selenium 
Sitver 
Thallium 
Zinc 

QY 
@w/L) 

5.20E-02 
1.20E-01 
1.73E-01 
5.OQE-03 
1.50E-02 
2.06E-01 
5.50E-02 

7.79EtOO 
l.O2E-01 

2.73E+OO 
3.00E-04 
8.70E-02 
9.00E-02 
1.20E-02 
5.50E-03 
4.16E-01 

Kd ** 

k’kd 

90 
400 
120 

1300 
13 

1700 
70 
50 

1800 
130 
20 

300 
600 
90 

3000 
80 

Csed *** 

bWxt) 

4.68EtOO 
4.8OEtOl 
2.08E+Ol 
6.50EtOO 
1.95E-01 

3.50Et02 
3.85EtOO 
3.90Et02 
1.84Et02 
3.55Et02 
6.00E-03 

2.61EtOl 
5.40EtOl 
1.08EtOO 
1.65EtOl 
3.33EtOl 

NOAA Sediment Benchmark (mg/kg) 

I 
ER-L 

I 
ERM 

2.OE+OO 
3.3EtOl 

ND 
ND 

5.OEtOO 
8.OEtOl 
7.OEtOl 

ND 
3.5EtOl 

ND 
1.5E-01 

3.OE+Ol 
ND 

l.OEtOO 
ND 

1.2E+02 

2.5E+Ol 
8.5EtOl 

ND 
ND 

9.OEt09 
1.5Et02 
3.9E+02 

ND 
l.lEtO2 

ND 
1.3EtOO 
5.OEtOl 

ND 
2.2EtOO 

ND 
2.7Et02 

Values 
Exceeding 

NOAA 
Benchmarks? 

LM 
L 
_- 
-_ 

No 

LM 
No 
-_ 

LM 
_- 

No 
No 
-- 

L 
-- 

No 

Note: cgw = maximum chemical concentration detected in groundwater. 
Csed = chemical concentration in sediment. 
ER-L = exposure range--low; 10th percentile effect level. 
ER-M = exposure range--median; 50th percentile effect level. 

ND = not determined. 
-- = no comparison can be made due to lack of NOAA benchmarks. 

l Only inorganics were evaluated because no NOAA values are available for volatile organics (NOAA, 1990). 
** Kd = Kd (Baes et al., 1984) * 2 (see Section 6.2.3.3). 
*** Csed = Cgw (Appendix J, Table J-2) * Kd. 

Source: ESE. 

(L) Sediment concentration exceeds ER-L. 
(M) Sediment concentration exceeds ERM. 



Table 6-21. Uncertainties in the ERA Process 

COPC 
Selection 

Exposure 
Assessment 

Toxicity 
Assessment 

Risk 
CharacterizatiOtt 

l Chemical monitoring data collected over time, analyzed by different 
laboratories, and evaluated using varying quality assurance 
methodology 

0 Presence of tentatively identified compounds (TICS) 
0 Current and future land uses 
0 Lack of site-specific background data 

0 Selection of terrestrial and aquatic indicator species 
0 Selection of site-specific exposure pathways 
a Estimation of surface water and sediment concentrations without 

monitoring data 
0 Estimation of exposure to multiple substances 
0 Estimation of exposure parameters 

0 Selection of benchmark values 
0 Uncertainty factors used in derivation of toxicity reference walues 

(TRVs), including interspecies extrapolation 
0 Interaction of multiple substances 

0 Evaluation of risks from multiple exposure pathways 
0 Addition of risks from multiple substances 
0 Use of generalized ambient water quality criteria (AWQCs) and 

water quality standards (WQSs) to evaluate risks to aquatic life 

Source: ESE. 
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Figure 6-l 
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DATA ENGINEERING, INC. 

SOURCE: U.S. ARMY (1994). II I 
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7.0 SUMMARY 

7.1 Summary 

7.1.1 Nature and Extent of Contamination 

Soil sampling at the QADSY indicates VOC and TPH contamination; some small-scale 
SVOC, pesticide, and IOC contamination may also be present. The HM area appears to be 
the most affected by VOC contamination. However, contaminant-specific VOC 
concentrations were generally less than 100 pg/kg, and only one VOC was detected in the 
TCLP extracts. Although PCE was detected in two TCLP extracts, the concentrations were 
well below the TCLP standards. 

,f+‘- 

Soil contamination by TPH is widespread in the TA. PPA, and HM area. Compressor oil is 
the reference standard most commonly matched by samples exhibiting TPH contaminaltion. 
More than 50 percent of the samples collected from the TA, HM, and PPA exceed the VDEQ 
guidelines (100 ppm) for soil disposal to an industrial or sanitary landfill. Soil samples from 
deeper intervals (3-5 feet and 5-7 feet) were collected around known areas of TPH 
contamination to determine the vertical extent of contamination. TPH as diesel was detected 
in two borings (SB-5 and SB-6 in the northeast corner of the fenced area) but none of these 
detections exceeded the VDEQ 100 ppm disposal guidelines for TPH contamination. 

The northern PPA and the TA appear to have levels of IOCs that are marginally higher than 
those noted in the background samples; however, all samples were below the applicable TCLP 
or RBC standard. 

The TA appears to have low SVOC concentrations, although all samples were below RBCs. 
Pesticides detected at the QADSY were also below RBCs. 

Surface soil contamination at the QADSY is sporadic, indicating that numerous one-time 
spills must have occurred throughout the history of the site. No correlation between surface 
soil staining and contamination is apparent. 

Groundwater samples at the QADSY exhibited contamination by VOCs, TPH, and IOCs. A 
plume of contamination has formed beneath and downgradient (to the west and southwest) of 
the HM area. No VDEQ groundwater standards have been developed for VOCs. VDEQ 
nonpublic surface water supply standards were exceeded by TCE and PCE in well SW-2 and 
by carbon tetrachloride in wells SW-l and SW-2. Acetone, 1,2-DCE, 1,l -DCE, 1,l -DCA, 
and TCA were also detected in groundwater samples; however, no VDEQ nonpublic water 
supply standards have been developed for these constituents. 

Several VOCs were detected in deep well DW-1 at very low concentrations. All of these 
compounds were found in higher concentrations in the shallower nested well SW-2. None of 
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the VOCs for which VDEQ nonpublic water supply standards have been developed were 
exceeded by samples from the deep well. Analytical results indicate that the maximum depth 
of the contaminant plume may be approximately at the sampling interval in the deep wells 
None of the wells installed in January 1993 had high concentrations of VOCs detected in 
them upon analysis. 

An extensive hydropunch survey detected the presence of TCE and PCE adjacent to the 
seawall along the Elizabeth River and along the fence line in the northwest corner of the 
QADSY adjacent to the parking lot. Only two samples (HP-l 1-35 and HP-l 5-35) exceeded 
the VDEQ non-public water supply standards for TCE. The highest concentrations were 
noted at the 15-foot and 35-foot intervals, generally decreasing with increasing depth. The 
dispersal of high concentration readings throughout the study area suggests numerous 
contamination source points. 

Although TPH was detected in six wells at the QADSY, only one sample exceeded the VDEQ 
groundwater standard of 1 ppm for TPH. 

IOC contamination of the groundwater was indicated beneath the TA and the northwestern 
portion of the PPA during the initial stage of the RI investigation. VDEQ groundwater 
standards were exceeded for arsenic, cadmium, chromium, lead, mercury, and zinc in those 
areas. Subsequent sampling has shown low levels of IOCs present with the exception of SW- 
5, which exceeded the standard for mercury. No IOC standards were exceeded in the 
background well. Cadmium VDEQ groundwater standards were exceeded in May 1995 in 
DW-3, DW-5, DW-6, SW-9, and SW-lo, but no other IOC standards were exceeded. 

Bis(2-ethylhexly)phthalate was estimated in DW-3 through DW-8 and SW-10 and also 
detected in SW-9. 

Sediment samples were taken on 21 January 1993 from storm drainage conduits in the 
QADSY. The sediments do not exceed typical concentrations in soils in the eastern United 
States (Shacklett and Boerngen, 1984), or Federal Register Proposed Rules 20 May 1992 for 
concentration-based exemption criteria for hazardous waste listing, and Federal Register 27 
July 1990, for corrective-action criteria. 

TCL pesticide/PCB analysis revealed concentrations of the pesticides chlordane and DDT 
homologues (DDE, DDD). These pesticides were not detected previously in the TCLP 
analysis run on soil borings from the QADSY, suggesting that these contaminants may have 
originated in some other area of the base. 

Both sediment samples were analyzed for TPH as gasoline and as diesel. TPH as diesel was 
detected at a level of 299 mg/kg in SD-1 and 58.3 mg/kg in SD-2. The sample from SD-l 
exceeds the VDEQ 100 ppm action level. 
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7.1.2 Fate & Transport 

Chemical fate/transport analysis summarizes the physical and chemical properties of the 
COPCs, the environmental fate processes potentially acting on the COPCs, and the 
contaminant migration pathways potentially associated with the COPCs. Although 
concentrations of site contaminants in soil and groundwater may be reduced by microlbial 
degradation, volatilization, and photolysis, the environmental models used at this site indicate 
that the potential does exist for site chemicals to volatilize into site structures and migrate to 
surface water of the Elizabeth River. 

7.1.3 Risk Assessment 

An RA was generated in accordance with EPA region-wide and Region III guidance to assess 
the potential current and future human and ecological health risks associated with potential 
onsite exposures at the QADSY, assuming no remedial action is implemented at the site. The 
risk results are then used to develop remedial goal objectives (RGOs), goals which remedial 
alternatives strive to achieve considering other factors such as feasibility and achievability. 

The RA identified the primary site-related COPCs at the QADSY. Based on past site 
operations and disposal activities at the site, the COPCs evaluated in the Human RA (HRA) 
and Ecological RA (ERA) include a subset of VOCs, SVOCs, and IOCs. The data used in 
the RA is taken from ESE sampling events (1990-1993) and sampling events from other 
contractors (Malcolm Pirnie, 1983-1986 and Baker Environmental, 1995). The most recent 
and/or reliable data are used in the calculation of the exposure concentrations for the .RA. 
The number of chemicals to be evaluated in the RAs was reduced using 1) EPA Region III 
methodology for risk-based concentration screening, 2) comparison of site and background 
soil concentrations, and 3) a screening for nutritionally essential chemicals. 

In addition, TPH was detected at the site. Although this group of chemicals is useful for 
determining the extent of petroleum-based contamination, a quantitative risk evaluation is not 
performed as TPH represents a large group of chemicals, typically composed of long,, 
straight-chain hydrocarbons of relatively low toxicity. However, to provide a conservative 
risk evaluation, the carcinogenic PAHs were used as a surrogate to evaluate TPH. 

The exposure assessment identifies significant human and ecological exposure pathways and 
population(s) based on the environmental fate/transport analysis; determines the exposure 
concentrations to potential receptors; and estimates the magnitude, duration, and frequency of 
exposure for each receptor (or receptor group). The primary exposure pathways evaluated in 
the HRA and ERA are as follows: 

Human Exposure Pathwavs 

l Current Worker -- incidental ingestion and direct contact with site soils; 
inhalation of vapors volatilized from groundwater into indoor air. 
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0 Future Worker -- incidental ingestion and direct contact with site soils; 
inhalation of vapors volatilized from groundwater into indoor air. 

l Future Residential -- incidental ingestion and direct contact with site soils; 
inhalation of vapors volatilized from groundwater into indoor air. 

Ecological Exposure Pathways 

l Terrestrial -- ingestion of contaminated fish by great blue heron. 

a Aquatic -- exposure to surrounding surface water and sediment by aquatic and 
benthic organisms. 

Domestic groundwater consumption is an incomplete human exposure pathway as the water 
below the QADSY site is not potable due to the high salinity of the water. Thus, this 
pathway, under the guidance of State and Federal regulatory agencies, is not further 
evaluated in the RA. However, due to the presence of VOCs in groundwater beneath the site, 
inhalation of VOCs volatilized from groundwater into indoor air is evaluated. 

The primary sources of toxicological data were from EPA-verified references. When an 
appropriate toxicological constant was not identified, current literature was reviewed to find 
appropriate toxicological data, which were used to calculate dose-response values using the 
methodologies outlined in EPA guidance documents. 

The site-specific human carcinogenic and noncarcinogenic risk estimates are determined 
using the exposure concentrations and factors presented in the exposure assessment along 
with the dose-response information developed in the toxicity assessment. The potential 
carcinogenic risks are compared with the EPA target cumulative risk range of 1 x 10m6 (1 in 
l,OOO,OOO) to 1 x 10” (1 in 10,000) [NCP, 40 Code of Federal Regulations (CFR) 300, 
430:62]. 

When a cumulative carcinogenic risk (risk associated with exposure to a mixture of 
chemicals) to an individual receptor under the assumed exposure conditions at a Super-fund 
site exceeds lo’, CERCLA generally requires remedial action at the site (EPA, 1991d). If 
the cumulative risk is less than 10d4, action generally is not required but may be warranted if 
a chemical-specific standard that is risk based [e.g., the maximum contaminant level (MCL) 
or an ambient water quality criterion (AWQC)] is violated. A risk-based remedial decision 
could be superseded by the presence of noncarcinogenic impact or environmental impact at 
the site as indicated by a hazard index (HI) greater the 1 for human noncarcinogenic 
exposures or an exceedance of an ecotoxicity quotient (EQ) of 1 for aquatic or terrestrial 
exposures. 

7-4 



REVISED DRAFT FINAL 5913-7MAVFAC - QADSY Final RI.7-5 
5/96 

Human Risk Characterization Results 

The results of the HRA indicate that the following scenarios exceed either a cumulative risk 
of 1040ranHIof 1: 

Exposure Scenario Medium Exceedance cots 

Future Worker Indoor air 

Future Residential 
(Lifetime) 

Indoor air 

(Child) Indoor air 

Soil 

(Adult) Indoor Air 

Risk > 1 x lo4 carbon tetrachloride, chloroform, 
1 , 1-dichloroethene, 
tetrachloroethene, trichloroethene, 
and vinyl chloride 

HI > 1 carbon tetrachloride 

Risk > 1 x lo4 carbon tetrachloride, chloroform, 
1,l -dichloroethane , 
1,l -dichloroethene , 
tetrachloroethene , 
1 , 1,l -trichloroethane , 
trichloroethene, vinyl chloride 

HI > 1 carbon tetrachloride, 
1 , 1-dichloroethene , 
1 , 1,l -trichIoroethane 

HI > 1 

HI > 1 

thallium 

carbon tetrachloride 

Ecological Risk Characterization Results 

Terrestrial--The EQs associated with exposure of great blue heron to site contaminants due to 
ingestion of fish are all less than 1, suggesting that there is low potential for adverse effects 
to the great blue heron due to site-related chemicals in fish caught near the site. 

Aauatic--The EQs for water- and sediment-dwelling aquatic organisms at QADSY are all less 
than 1, indicating that there is low potential for adverse effects to these aquatic organisms. 

RGOs 

The Superfund Amendments and Reauthorization Act of 1986 (SARA) requires that :remedial 
actions attain a degree of contaminant cleanup that ensures protection of public healtlh and the 
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environment. Thus, the risk characterization results are used to identify whether site COPCs 
need to be reduced to acceptable health-based levels. The acceptable health-based levels are 
referred to as RGOs, which are chemical-specific concentration goals for individual 
chemicals for specific medium and reasonable land use combinations. 

Based on the results of the risk characterization, future worker exposure to indoor air and 
future residential exposure to indoor air and soil resulted in a cumulative risk exceeding lo4 
and/or an HI exceeding 1. However, to provide a complete site analysis, RGOs are 
developed for all chemicals contributing an individual risk of at least 10e6 to a total of greater 
than lo4 or on HI of at least 0.1 to a total HI of greater than 1. In summary, RGOs are 
developed for the following chemicals to provide risk managers with the maximum risk- 
related media level options on which to develop remediation aspects of the Feasibility Study 
(FS): 

Medium Scenario cots RGO 

Groundwater Future Worker Carbon tetrachloride 
chloroform 
1,l -dichIoroethene 
tetrachloroethene 
trichloroethene 
vinyl chloride 

2.7 pg/l 
11.1 /,&g/l 
0.38 /&g/l 
59.6 pg/l . 
48.9 /&g/l 
0.08 pg/l 

Future Resident Carbon tetrachloride 
chloroform 
1 , 1-dichloroethane 
1 , 1-dichloroethene 
tetrachloroethene 
1 , 1 , 1-trichloroethane 
trichloroethene 
vinyl chloride 

1.8 j.Lgll 
7.4 jJg/l 

540 /.Lgll 
0.26 pg/l 
38.9 /Lgll 
3790 #l&g/l 
32.6 pgll 
0.05 fig/l 

Soil Future Resident Thallium 12.5 mg/kg 

7.2 Conclusions 

7.2.1 Data limitations and Recommendations for Future Work 

Data limitations indicate that some of the VOCs for the future worker and future resident 
RGOs have not been delineated in the groundwater. The recommended future work consists 
of delineating carbon tetrachloride, chloroform, 1, l-DCE, and vinyl chloride for the future 
worker. If the unlikelihood of the site becoming a residential area, the groundwater should 
also be delineated for l,l-DCA and l,l,l-TCA. 
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7.2.2 Recommended Remedial Action Objectives 

The QADSY is located in a highly industrial area at the Norfolk Naval Base in Norfolk, 
Virginia. The future plans at the QADSY are to increase the fleet ship parking by paving the 
current five acre gravel area. There are no future building plans although the recommended 
remedial action objectives are for the RGOs for future worker. The future resident iscenario 
is highly unlikely because of the location of the QADSY. 

The QADSY was created by a fill operation as a disposal area for dredged materials 
excavated from the James River, Elizabeth River, and/or Willoughby Bay in the early 
1950’s. The dredged material has been recognized to contain elevated levels of PA% and 
IOCs contamination. There are no records where the dredged material came from or may be 
from numerous sources. 

Background soil data was collected at a upgradient located adjacent to Bausch Creek.. 
Background soil data indicated IOC data was within a order of magnitude from the highest 
concentration measured during the RI. The IOC impacted soil will be too complex to 
delineate because of the unknown source or sources of the dredged material. The IOC 
contamination appears to be inherited in the dredged material and not from the drum storage 
yard because of the measured IOCs levels are similar to background. 

The recommended remedial action for soil is no action because the future plans are for the 
QADSY to be paved, subsequently terminating this ecologic risk pathway, and the IOC- 
impacted soil appears to be inherited from the dredged material that created Sewells Point. 
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FS EXECUTIVE SUMMARY 

This Feasibility Study (FS) report is based on the information presented in this document and 
the Remedial Investigation (RI) Report for the Q Area Drum Storage Yard (QADSY), 
Norfolk Naval Base, Norfolk, Virginia. The methodology in this FS report allows a step-by- 
step evaluation of technologies, alternatives, and assembled alternatives by progressing 
through a series of screenings. 

Identification and Screening of Remedial Technologies 

Remedial technologies are identified and screened as follows: 

0 Develop remedial action objectives based on site characteristics, specifying the 
contaminants and media of interest. e 

e Identify general response actions for each medium of interest, defining remedial 
actions singly, or in combination, that may satisfy the remedial objectives and 
potential applicable or relevant and appropriate requirements (ARARs) for the 
QADSY. 

0 Identify and screen technology types and process options applicable to each 
general response action. 

Remedial Action Objectives and Goals 

Specific remedial action objectives for the contaminated media are developed to satisfy the 
general objective of the National Contingency Plan to select a cost-effective remedial 
alternative that effectively mitigates and minimizes threats to and provides adequate protection 
of public health and welfare and the environment. Numerical remedial action goals are 
developed for groundwater and surface soil. The remedial action objective for groundwater is 
the adequate protection of public health from inhalation of volatile organic compounds 
(VOCs) in the groundwater extracted from the aquifer. The remedial action objective for 
surface soils at the site is to adequately protect public health and the environment. 

ARARs 

The remedial alternatives developed in this FS are analyzed for compliance with federal and 
state ARARs. This process involves initially identifying potential requirements, evaluating the 
potential requirements for applicability or relevance and appropriateness, and determining the 
ability of the remedial alternatives to achieve the, AIWRs. AIURs can be divided into three 
groups: chemical-specific, location-specific and action-specific. Potential chemical- and 
action-specific ARARs are analyzed; no location-specific ARARs are identified for the 
QADSY. 

1 
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General Response Actions 

General response actions are medium-specific groups of remedies identified for soil and 
groundwater. The majority will work in conjunction with other general response actions to 
meet all remedial action objectives. Available remedial action technologies and process 
options associated with each general response action are developed. In developing 
alternatives, combinations of general response actions are identified, and based on the RI, an 
initial determination is made of areas or volumes of contaminated groundwater and soil to 
which these general response action combinations might be applied. Contaminated 
groundwater volumes were calculated from the quantitative risk-based remedial goal 
objectives (RGOs) using the interpreted plume area. 

No action for soil is relevant and appropriate at the QADSY because: 

l IOCs contamination appear to be inherited from the dredged material. 

0 The QADSY is not conducive to an ecological environment because it is in a 
highly industrial area and is mostly a paved parking lot. 

l The future plans are for the unpaved area to be paved, which will subsequently 
eliminate this ecologic risk pathway. 

Identifying and Screening Technology Types and Process Options 

Preliminary identification and screening of the remedial technology types and technology 
process options produces a condensed list of applicable remedial action technologies along 
with their corresponding process options that may be assembled into suitable alternatives. 
Applicability of each technology was evaluated by reviewing its potential performance with 
respect to the site conditions and contaminant characteristics. Remedial action technologies 
and their corresponding process options that are considered applicable based primarily on 
technical implementability are given a “yes” rating. Technologies or process options that are 
given a “no” rating are screened out and are not carried forward for further analysis. 

The technology process options retained after the initial screening are then thoroughly 
evaluated based on overall effectiveness, implementability, and cost. The remedial 
technologies/process options retained for further analysis are combined to provide remedial 
alternatives to protect human health and the environment. The following remedial 
technologies were selected to prevent exposure to contaminated groundwater by managing the 
contaminant migration: 

0 No remedial action (long-term monitoring) 
0 No remedial action (groundwater-use restrictions) 
a Groundwater extraction and pumping 
l Onsite treatment by: 

Carbon adsorption 
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Air stripping 
Multi-media filtration 
Precipitation/flocculation 

e In-situ microbial degradation 
0 Offsite treatment at an industrial water treatment plant (IWTP) 
e Infiltration Gallery 
0 Direct discharge to Willoughby Bay 
e Air sparging/soil vapor extraction (ASSVE) 

Development and Detailed Analysis of Alternatives 

By combining the selected technologies listed above, five alternatives were developed for this 
FS to address the remedial action objectives and meet the federal guidance categories. Each 
of the five remedial alternatives is evaluated in detail, including a detailed description 
identifying all the components necessary for evaluation and a detailed analysis considering the 
following nine evaluation criteria: -- 

Short-term effectiveness 
Long-term effectiveness 
Reduction of mobility, toxicity, or volume 
Implementability 
cost 
Compliance with ARARs 
Overall protection of human health and the environment 
State acceptance 
Community acceptance 

The last two criteria will be evaluated following review and comment on the RUFS report and 
will be addressed once a final decision is made and the Record of Decision (ROD) is 
prepared. 

Individual Analyses of Groundwater Alternatives 

Alternative 1: No-Action. Institutional Controls 

This no remedial action alternative consists of no treatment, containment, or removal of the 
contaminated media; implementing monitoring to determine access and exposure to 
contaminated gronndwater; and continued water-use restrictions. The alternative involves 
installing groundwater monitor wells, analyzing groundwater samples, and additional 
contaminant transport modeling. 

Alternative 2: Groundwater Collection. Treatment. and Onsite Discharge 

Alternative 2 involves installing gronndwater monitor wells, constructing a water treatment 
system, and discharging treated water to the Elizabeth River. The treatment system includes 
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air stripping to remove VOCs. Discharge to the Elizabeth River will be via existing storm 
sewer lines. 

Alternative 3 : Groundwater Collection. Pretreatment. and Offsite Treatment and Discharge 

This alternative includes installing groundwater monitor wells, pretreatment by air stripping to 
remove VOCs, and discharge to the Naval Base Industrial Waste Treatment Plant (IWTP). 

Alternative 4: Collection. Onsite Treatment, Onsite Discharge, and In-Situ Treatment 

Alternative 4 requires installing groundwater monitor wells, installing a water treatment 
system (air stripping), installing biologic nutrient and catalyst control units, followed by 
infiltration gallery into the aquifer to stimulate in-situ microbial degradation. 

Alternative 5: Air Sparaing/Soil Vapor Extraction 

This alternative includes installing AS wells in conjunction with SVE wells to remove VOCs 
from both groundwater and adjacent soils. 

Comparative Analysis of Alternatives 

The five alternatives are compared with respect to the seven evaluation criteria. Final 
alternative selection for the ROD is based on this comparative analysis. 

Short-Term Effectiveness 

Groundwater Alternatives 2, 3, 4, and 5 are more effective in reducing aquifer contamination 
than the no remedial action alternative. Alternative 4 will meet the remedial response 
objectives in .a shorter time period than alternatives 2 and 3. 

Long;-Term Effectiveness 

All groundwater and soil remedial alternatives, except the no-action alternatives and the 
source containment alternative, remove contaminants from the site and do not leave any 
untreated waste or residuals that require managing to ensure an adequate level of protection. 
Groundwater Alternatives 4 and 5 provide the greatest degree of protection because microbial 
degradation will speed up groundwater restoration and ensure complete remediation. 

Reduction of Mobilitv, Toxicitv, or Volume 

Groundwater Alternative 4 will provide the greatest degree of contaminant destruction and 
therefore the greatest degree of mobility, toxicity, and volume reduction. Alternatives 2, 3, 
and 5 will also provide a similar reduction; however, Alternative 5 provides a quick reduction 
due to the additional in-situ treatment of VOCs. 

4 
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Imulementabilitv 

All of the remediation alternatives for groundwater and soil are technically feasible. Each 
alternative can be constructed and operated on reliable technologies that are both effective and 
proven. However, for Alternatives 4 and 5, the actual degradation rate and system parameters 
are unknown until a biologic treatability study is performed. The no-action alternative for 
groundwater is easy to implement. Implementation of the remediation alternatives from an 
administrative standpoint is not estimated to be a major concern because the QADSY is on 
Navy property. Permits would be required for any air emissions from stripping towers and 
low-temperature rotary dryers; a NPDES permit would be required for surface water discharge 
from the groundwater treatment systems. The operational permit process for the infiltration 
gallery is not well defined. 

Alternative 5 has the highest capital cost and alternative 3 has the highest present worth of the 
groundwater scenarios. Alternative 1 is more sensitive to the discount rate than the other 
groundwater alternatives. 

The alternatives’ present worth costs change by approximately 33 to 43 percent when Icleanup 
is cut in half, and by approximately 61 to 80 percent when doubled. Groundwater 

F-=- Alternatives 2 and 3 have similar sensitivity to a change in the groundwater flow rate. 
Reducing the flow rate by half reduces the present worth value by approximately 29 to 44 
percent. Doubling the flow rate similarly increases the present worth cost by approximately 
57 to 87 percent. 

Alternatives 2 and 3 demonstrate the greatest sensitivity to the replacement cost because 
capital expenditures are a greater portion of the alternatives’ present worth cost. 

Comnliance with ARARs 

Groundwater Alternatives 2, 3, 4, and 5 will all meet chemical-specific ARARs following 
completion of the treatment phase. Action-specific ARARs will also be met by Alternatives 
2, 3, 4, and 5. 

Overall Protection of Human Health and the Environment 

Groundwater Alternatives 2, 3, 4, and 5 will provide adequate protection to human health and 
the environment following treatment of the contaminated groundwater. 
Alternative 1 will provide protection to human health, but will not be protective of the: 
environment. 
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10.0 INTRODUCTION 

10.1 Purpose 

The Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) of 
1980 as amended by the Superfund Amendments and Reauthorization Act (SARA) of 1986 
requires each federal facility listed on the Federal Agency Hazardous Work Compliance 
Docket to follow the rules, regulations, guidelines, and criteria established by the United 
States Environmental Protection Agency (EPA) for the Superfund Program. Subpart El of the 
National Oil and Hazardous Substances Contingency Plan (NCP of March 1990) establishes 
methods and criteria for determining the appropriate extent of response and outlines 
procedures for determining the nature and extent of contamination at a site. These methods 
and criteria are more commonly referred to as the Remedial Investigation/Feasibility Study 
(RVFS). 

r”“” 

The United States Navy retained Environmental Science and Engineering, Inc. (ESE) to 
conduct an RI/FS at the Q Area Drum Storage Yard (QADSY) under contract #N62470-90-D- 
766 1, “Indefinite Quantity Contract for Preliminary Assessments (PA), Site Investigations 
(SI), and Feasibility Studies (FS), and Related Design and Engineering Services at Various 
Activities under the Cognizance for the Atlantic Division, Naval Facilities Engineering 
Command.” This FS report summarizes the process used to develop and evaluate remedial 
action alternatives addressing current or future potential risks to the public health or the 
environment. In accordance with the NCP, “The purpose of the remedy selection process is 
to implement remedies that eliminate, reduce, or control risks to human health and the 
environment” (CFR 300,43O,(a),[l]). 

This FS report is based on the information presented in Volume I of this document, the 
Remedial Investigation Report for the QADSY, Norfolk Naval Base, Norfolk, Virginia. The 
methodology in this FS report allows a step-by-step evaluation of technologies, alternatives, 
and assembled alternatives by progressing through a series of screenings (Figure lo-l)., 
Initially, general qualitative information is used. Subsequently, more refined and quantitative 
information is used to eliminate unfeasible or otherwise unacceptable actions from 
consideration. This methodology provides a systematic procedure for identifying and 
evaluating alternatives, specifying criteria for determining the magnitude and importance of 
effects resulting from the implementation of an action, and considering measures to mitigate 
adverse effects. 

10.2 Organization Of This Report 

This FS Report begins with the introduction, Section 10.0, which describes the purpose of the 
report and the site background, including a brief summary of the findings of the RI. Section 
11 .O identifies remedial action objectives, general remedial response action, applicable or 
relevant and appropriate requirements (ARARs), the volume or area of contaminated media, 
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and remedial technologies and process options. Further, technologies are identified and 
screened. 

Section 12.0 develops alternatives by assembling selected technologies into alternatives 
covering each media. The assembled alternatives are then developed to a level of detail that 
enables thorough analysis and cost estimation accurate to within a range of 
+50 percent to -30 percent. In Section 12.0, the alternatives are analyzed in relation to nine 
criteria developed by EPA. A comparative analysis of the individual alternatives is also 
described. Tables and figures are presented at the end of each section. 

10.3 Site Description 

The QADSY was created by a fill operation in the early 1950s and was used as a disposal 
area for dredged materials excavated from Willoughby Bay. The site is a relatively flat, open 
earthen yard covered by crush-and-run gravel; it is bounded on the north and west by asphalt- 
paved parking lots. -- 

10.4 Site History 

The QADSY has been in use since its creation in the 195Os, and tens of thousands of drums 
have been stored at the site since that time (LANTNAVFACENGCOM, 1988). A variety of 
materials were stored in 55-gallon steel drums, including petroleum products (such as oil 
lubricants), various organic solvents, paint thinners, some pesticides, formaldehyde, and acids. 
Throughout the site’s history, the northern portion of the yard was used to store damaged and 
leaking drums. 

During a site visit in June 1990, drum storage occurred in three general areas: 

l Hazardous Materials (HM) Area 
l Petroleum Products Area (PPA) 
l Transit Area (TA) 

These areas are described in detail in Section 3.2 of the RI report. Various products were 
stored onsite at the time of the site visit, including chlorinated solvents, hydraulic fluid, and 
lube oil. 

Sometime between the June 1990 site visit and the initiation of the field investigation in 
September 1990, the majority of the drums were moved to the CD Drum Storage area. The 
drums are currently stored in sheds with secondary containment and drams to a fuel oil 
recovery system. 

10.5 Results Of The Remedial Investigation 

The objective of the RI was to determine the nature and extent of contamination at the site, as 
well as locate and characterize the groundwater contamination both onsite and offsite. The 
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complete results of the RI are presented in Volume I of this document, the RI report for the 
QADSY. 

During the RI, six study areas were designated at the site based on past activities. The study 
areas included: the HM Area, PPA, TA, Truck and Equipment Storage Yard (EY), and Fleet 
Parking (FP: west of the QADSY). 

The RI field investigation was performed in two stages: (1) a 1990 groundwater and soil 
sampling event; and (2) 1992-1993 groundwater, 1992 soil, 1992 surface water, 1993 
sediment, and 1995 soil and groundwater sampling events. 

To fulfill the objectives of the RI, ESE performed the following tasks: 

* A total of 18 monitor wells were installed. Ten of the wells comprise four well 
clusters. Each cluster consists of two or three wells that monitor the shallow and 
deep portions of the aquifer beneath the site. Subsurface soil samples were 
collected from wells SW- 1 through SW-5. 

* Surface soil samples were collected from 36 locations from the four study areas 
during the 1990 sampling event. Samples were collected from two intervals in 24 
of the borings: 0 to 18 inches and 18 to 36 inches. A composite sample was 
taken from 0 to 36 inches in the remaining 12 borings. 

* Subsurface samples were collected from eight locations during the 1992 sampling 
event to further delineate the extent of total petroleum hydrocarbon (TPH) 
contamination. Samples were collected from two intervals in the borings: 3 to 5 
feet and 5 to 7 feet. 

l During the May 1995 sampling event, surface soil samples were collected at 19 
locations. Fifteen of these were analyzed to further delineate the extent of TPH 
contamination. The remaining four were analyzed for volatile organic compounds 
(VOCs), semi-volatile organic compounds (SVOCs), pesticides, polychlorinated 
biphenyls (PCBs), inorganic compounds (IOCs), and cyanide. 

l Two sediment samples were collected from onsite storm drains. 

l During the 1990 sampling event, groundwater samples were collected from the 
ten new wells and from three existing wells installed as part of the Initial 
Assessment Study (IAS). During the 1992-1993 sampling event, groundwater 
was collected from five of the wells installed in 1990 and from the eight new 
wells installed in 1992. Groundwater samples were collected from the eight new 
wells in May 1995. 

l 66 groundwater samples from 18 locations were collected using the hydropunch 
sampling technique in December 1992. The samples were analyzed for 
Trichloroethene (TCE), Tetrachloroethene (PCE), and 1,2-Dichloroethane (DCA) 
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using a Photovac field gas chromatograph. At least two hydropunch samples 
were collected at each location. Groundwater samples were collected at lo-foot 
intervals beginning at 15 feet below surface. Hydropunch samples were collected 
until the contamination was below detection limits or two consecutive samples 
were detected at or below 5 micrograms per liter @g/l). 

l One surface water sample was collected from the Elizabeth River adjacent to the 
piers. 

l Rising and falling head slug tests were used to determine the hydraulic 
conductivity of the aquifer. Continuous water level monitoring was conducted on 
one shallow and one deep well to determine tidal and recharge influences on the 
aquifer. 

l The vertical flow regime between the aquifer and the Elizabeth River was 
determined by installing a piezometer at the end of one of the piers. 

l A 72-hour drawdown test was performed to evaluate aquifer characteristics 
including specific capacity, transmissivity, storativity, and area of influence. 

l Following the 1992 field investigation, MODFLOW@, a three-dimensional 
groundwater flow model, was used to determine groundwater flow lines at the 
site. 

0 Monitor well locations were surveyed to determine the elevation of each well; 
additional surveys were performed to develop accurate site maps. 

l Two air sparging/soil vapor extraction (AS/SVE) pilot studies were performed in 
May 1995 to test the feasibility of a remediation system. 

General conclusions were made based on the data obtained from the RI, as described in the 
following sections. 

10.5.1 Hydrogeology 

The hydrogeologic investigation at the QADSY was conducted in three phases: installing and 
sampling new monitor wells and soil borings between August and October 1990; existing 
monitor well sampling and the pump test were performed between January and February 
1991; rising and falling head slug tests were performed during March 1991; five of the 
monitor wells installed in 1990 were sampled in October 1992; eight new wells were installed 
and sampled in January 1993; and continuous water level monitoring of tidal effect was 
performed in December 1992 and January 1993 for 34 days. The following general 
conclusions were made: 

l A single, unconfined aquifer has been identified at the site, ranging from 
approximately 7 feet below ground surface to at least 75 feet. 
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8 The aquifer consists of sands and silty sands (and fill material). 

0 Groundwater flow in the aquifer is generally to the west across the site. 

0 Groundwater average linear velocity in the aquifer averages 15 feet per year, but 
may vary greatly due to local changes in hydraulic gradient and hydraulic 
conductivity. 

0 Static water levels at the site are influenced up to 3 feet within the QADSY by 
the tides. 

Q The AS/SVE pilot studies indicated that AS/SVE is a feasible remediation 
technique at the QADSY. 

0 The aquifer is contaminated with VOCs. 

A generalized geologic section of the site is provided in Figure 3-3 of the RI report. 

10.5.2 Nature and Extent of Contamination 

A variety of contaminants have been identified at the site. A list (Table 10-l) of compounds 
/+-- of concern (target compounds) was created from the contaminants identified. 

The following factors were considered when identifying the target compounds: 

0 Relation to known or suspected site activity 
0 Frequency of detection above background levels and/or relevant standards/criteria 
0 Frequency of detection above those mandated by NEESA Level C Protocols 
0 Compound presence in laboratory or field blanks 

Several compounds identified at the site are recognized laboratory contaminants. These 
compounds are not the focus of the FS and therefore are not relevant. In addition, the 
treatment proposed for PCE and TCE will also eliminate these compounds if they are present 
at low levels. 

A brief summary follows of the sample results from each media investigated during the RI. 
Figures 2-1 and 2-2 of the RI report show the locations sampled during the investigation. 
Media included groundwater, surface soils, subsurface soils, sediment, and surface water. 
Figures 5-6 through 5-38 of the RI report show the location of the monitor wells and 
interpreted contaminant plumes. Additional details regarding the site can be found in Sections 
3.0 through 8.0 of the RI Report. 

Surface Soils: 
F”-- 

* Fifty percent of the 0- to 3-foot samples from the TA, PPA, and HM areas were 
contaminated by petroleum hydrocarbons above the 100 parts per million (“pm) 
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Commonwealth of Virginia Department of Environmental Quality (VDEQ) action 
level. Two-thirds of the samples exceeded the 50 ppm VDEQ guideline for 
disposal of the soil as clean fill. Concentrations ranged from not detected to 4400 
ppm. A hydrocarbon that closely matched the reference standard for compressor 
oil was the most common: other oils were less common. All of the 3- to 7-foot 
samples were below the 50 ppm VDEQ guideline. 

9 Soil VOC contamination is limited. Only the sample from location HM-9-2, at 
32,000 micrograms per kilogram @g/kg) PCE, exceeded the range for all other 
samples of 1000 pg/kg total VOCs. Other VOCs detected at much lower levels 
included: acetone, xylenes, 1,l -DCA, toluene, methylene chloride, 1,2- 
Dichloroethene (DCE), 1 , 1,l -Trichloroethane (TCA), TCE, 4-methyl-2-pentanone, 
and 1,1,2,2-Tetrachloroethane (PCA). 

l All detected toxic characteristic leachate procedure (TCLP) organics and IOCs 
were well below federal standards. 

-- 

9 The highest VOC and TPH concentrations occurred within the HM and PPA 
areas. 

l Many of the compounds detected in the surface soils were also detected in the 
groundwater samples, including VOCs, TPH, and IOCs. 

Groundwater: 

9 The contaminants present in the saturated zone were comparable to those 
observed in the soils and are typical of the type of contaminants stored at the site 
except for TPH. 

9 Contamination appears to affect the upper 60 feet of the aquifer. 

l The main groundwater contaminants of concern are the following chlorinated 
organics: PCE, TCE, 1 ,1,1 -TCA, 1,l ,-DCA, 1,l -DCE, 1,2-DCE, and acetone. 
Locally, some IOC concentrations were elevated (e.g., cadmium). 

9 As determined in the hydrogeological investigation, groundwater flows west 
across the site. A contaminant plume has developed downgradient from the HM 
Area. A second plume (probably not directly associated with the QADSY) has 
developed along the bulkhead between Piers 11 and 12. 

10.53 Contaminant Fate and Migration 

Contaminant fate and transport at the QADSY was based on the.characteristics of the 
compounds of concern and their relationship with the geologic and hydrogeologic conditions 
that exist there. 
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l No free-phase product was found at the site. 

l VOCs have migrated downward through the vadose zone, encountering the 
saturated zone. They were then transported with the groundwater flow in a 
westerly direction. 

l VOC concentrations in the site soils are not likely to act as continuing sources of 
groundwater contamination. 

l Groundwater movement and contaminant behavior indicate that advection (the 
process by which contaminants are transported by the bulk motion of flowing 
groundwater) is the primary transport mechanism for VOCs in the aquifer. 

10.54 Risk Assessment 

An IL4 was generated in accordance with EPA region-wide and Region III guidance to assess 
the potential current and future human and ecological health risks associated with potential 
onsite exposures at the QADSY, assuming no remedial action is implemented at the site. The 
risk results are then used to develop remedial goal objectives (RGOs), goals which remedial 
alternatives strive to achieve considering other factors such as feasibility and achievability. 

The RA identified the primary site-related chemicals of potential concern (COPCs) at the 
QADSY. Based on past site operations and disposal activities at the site, the COPCs 
evaluated in the Human I&A (HRA) and Ecological RA (ERA) include a subset of VOCs and 
IOCs. The data used in the RA is taken from ESE sampling events (1990-1993) and 
sampling events from different contractors (Malcolm Pirnie, 1983-1986 and Baker 
Environmental, 1995). The most recent and/or reliable data are used in the calculation of the 
exposure concentrations for the RA. The number of chemicals to be evaluated in the RAs was 
reduced using 1) EPA Region III methodology for risk-based concentration screening, 2) 
comparison of site and background soil concentrations, and 3) a screening for nutritionally 
essential chemicals. 

In addition, TPH was detected at the site. Although this group of chemicals is useful for 
determining the extent of petroleum-based contamination, a quantitative risk evaluation is not 
performed as TPH represents a large group of chemicals, typically composed of long, straight- 
chain hydrocarbons of relatively low toxicity. However, to provide a conservative risk 
evaluation, the carcinogenic polynuclear aromatic halogens (PAHs) were used as a surrogate 
to evaluate TPH. 

The exposure assessment identified significant human and ecological exposure pathwa.ys and 
population(s) based on the environmental fate/transport analysis; determines the exposure 
concentrations to potential receptors; and estimates the magnitude, duration, and frequency of 
exposure for each receptor (or receptor group). The primary exposure pathways evaluated in 
the HR4 and ERA are as follows: 
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Human Exnosure Pathwavs 
Current Worker -- incidental ingestion and direct contact with site soils; inhalation 

of vapors volatilized from groundwater into indoor air. 
Future Worker -- incidental ingestion and direct contact with site soils; inhalation of 

vapors volatilized from groundwater into indoor air. 
Future Residential -- incidental ingestion and direct contact with site soils; inhalation 

of vapors volatilized from groundwater into indoor air. 

EcoloPical Exposure Pathwavs 
Terrestrial -- ingestion of contaminated fish by great blue heron. 
Aquatic -- exposure to surrounding surface water and sediment by aquatic and 

benthic organisms. 

Domestic groundwater consumption is an incomplete human exposure pathway as the water 
below the QADSY site is not potable due to the high salinity of the water. Thus, this 
pathway, under the guidance of State and Federal regulatory agencies, is not further evaluated 
in the RA. However, due to the presence of VOCs in groundwater beneath the site, inhalation 
of VOCs volatilized from groundwater into indoor air is evaluated. 

The primary sources of toxicological data were from EPA-verified references. When an 
appropriate toxicological constant was not identified, current literature was reviewed to find 
appropriate toxicological data, which were used to calculate dose-response values using the 
methodologies outlined in EPA guidance documents. 

The site-specific human carcinogenic and noncarcinogenic risk estimates are determined using 
the exposure concentrations and factors presented in the exposure assessment along with the 
dose-response information developed in the toxicity assessment. The potential carcinogenic 
risks are compared with the EPA target cumulative risk range of 1 x lOA (1 in 1 ,OOO,OOO) to 
1 x 10m4 (1 in 10,000) #CP, 40 Code of Federal Regulations (CFR) 300, 430:62]. 

When a cumulative carcinogenic risk (risk associated with exposure to a mixture of 
chemicals) to an individual receptor under the assumed exposure conditions at a Superfund 
site exceeds lOA, CERCLA generally requires remedial action at the site (EPA, 1991d). If the 
cumulative risk is less than lo’, action generally is not required but may be warranted if a 
chemical-specific standard that is risk based [e.g., the maximum contaminant level (MCL) or 
an ambient water quality criterion (AWQC)] is violated. A risk-based remedial decision could 
be superseded by the presence of noncarcinogenic impact or environmental impact at the site 
as indicated by a hazard index (HI) greater the 1 for human noncarcinogenic exposures or an 
exceedance of an ecotoxicity quotient (EQ) of 1 for aquatic or terrestrial exposures. 

Human Risk Charatierization Results 
The results of the I-I&% indicate that the following scenarios exceed either a cumulative risk 
of lOA or an HI of 1.: 
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Exposure Scenario Medium Exceedance cots 

Future Worker Indoor air Risk > 1 x lo-’ carbon tetrachloride, chloroform, 
1,l -dichloroethene, 
tetrachloroethene, trichloroethene, 
and vinyl chloride 

HI > 1 carbon tetrachloride 

Future Residential 
(Lifetime) 

Indoor air Risk> 1 x 1O-4 carbon tetrachloride, chloroform, 
1,l -dichloroethane, 
1,l -dichloroethene, 
tetrachloroethene, 
1 , 1,l drichloroethane, = 
trichloroethene, vinyl chloride 

(Child) Indoor air HI > 1 carbon tetrachloride, 
1,l -dichoroethane, 
1, 1,l -trichloroethane 

Soil HI>1 thallium 

Ecological Risk Characterization Results 
Terrestrial--The EQs associated with exposure of great blue heron to site contaminants due to 
ingestion of fish are all less than 1, suggesting that there is low potential for adverse effects to 
the great blue heron due to site-related chemicals in fish caught near the site. 

Aauatic--The EQs for water- and sediment-dwelling aquatic organisms at QADSY are all less 
than 1, indicating that there is low potential for adverse effects to these aquatic organisms. 

Remedial Goal Objectives 

The Super-fund Amendments and Reauthorization Act of 1986 (SARA) requires that remedial 
actions attain a degree of contaminant cleanup that ensures protection of public health and the 
environment. Thus, the risk characterization results are used to identify whether site COPCs 
need to be reduced to acceptable health-based levels. The acceptable health-based levels are 
referred to as RGOs, which are chemical-specific concentration goals for individual chemicals 
for specific medium and reasonable land use combinations. 

Based on the results of the risk characterization, future worker exposure to indoor air and 
future residential exposure to indoor air and soil resulted in a cumulative risk exceeding 10” 
and/or an HI exceeding 1. However, to provide a complete site analysis, RGOs are developed 
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for all chemicals contributing an individual risk of at least 10e6 to a total of greater than 10s4 
or on HI of at least 0.1 to a total HI of greater than 1. Ecological risk characterization results 
indicated that several IOCs in soil produced an excess EQ in mice and raccoon; therefore, 
RGOs were developed for these IOCs in soil based on these two receptors. In summary, 
RGOs are developed for the following chemicals to provide risk managers with the maximum 
risk-related media level options on which to develop remediation aspects of the FS: 

Medium Scenario cots RGO 

Groundwater Future Worker Carbon tetrachloride 
chloroform 
1,l -dichloroethene 
tetrachloroethene 
trichloroethene 
vinyl chloride 

Future Resident Carbon tetrachloride 1.8 @l 
chloroform 7.4 pg/l 
1,l -dichloroethane 540 pg/l 
1,l -dichloroethene 0.26 /.@l 
tetrachloroethene 38.9 &l 
1 , 1,l -trichloroethane 3790 /Jg/l 
trichloroethine 32.6 pg/l 
vinyl chloride 0.05 pg/l 

2.7 pg-g/l 
11.1 pg/l 
0.38 pg/l 

59.6 pg/l 
48.9 pg/l 
0.08 pg/l 

-- 

Soil Future Resident Thallium 12.5 mg/kg 

The QADSY is located in a highly industrial area at the Norfolk Naval Base in Norfolk, 
Virginia. The present future plan at the QADSY is to increase the fleet ship parking by 
paving the current five acre gravel area. There are no future building plans although the 
recommended remedial action objectives are for the future worker. The future resident 
scenario is highly unlikely because of the location of the QADSY. 
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INTRODUCTION 
(Section 10.0) 

l Review of RI Results 

IDENTIFICATION AND PRELIMINARY SCREENING 
OF REMEDIAL TECHNOLOGIES 

(Section 11 .O) 

l Identify remedial action objectives 
l Identify volumes/areas of groundwater and 

soil contamination 
l identification and screening of applicable remedial technologies 

based on site conditions and contaminant characteristics 

DEVELOPMENT AND DETAILED ANALYSIS OF ALTERNATIVES 
(Section 12.0) 

l Develop alternatives 
l Assemble alternatives 
l Analyze alternatives based on: 

-Protection of health and environment 
-ARARs 
-Reduction of toxicity, mobility, volume 
-Long-term effectiveness 
-Short-term effectiveness 
-Implementability 
-cost 

l Combare alternatives 

Figure IO-I. Feasibility Study Process 
Q Area Drum Storage Yard 

Norfolk Naval Base 
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Table 10-l. Q Area Drum Storage Yard Target Compounds 

Tetrachloroethene (PCE)” 
Trichloroethene (TCE)” 
1,l -Dichloroethene (DCE)* 
Vinyl chloride* 
Carbon tetrachloride* 
Chloroform* 
Barium* * 
Iron* * 
Lead* * 
Manganese* * 
Thallium* * 
Vanadium* * 

* Indicates compound detected in groundwater above RGO concentration 
** Indicates compound detected in surface soil above RGO concentration 
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11.0 IDENTIFICATION AND SCREENING OF REMEDIAL 
TECHNOLOGIES 

Remedial technologies are identified and screened in this section. This process includes three 
tasks: 

* Develop remedial action objectives based on site characteristics, specifying the 
contaminants and media of interest. 

8 Identify general response actions for each medium of interest, defining remedial 
actions singly, or in combination, that may satisfy the remedial objectives and 
potential ARARs for the QADSY. 

0 Identify and screen technology types and process options applicable to each 
general response action. 

The initial task is to identify site problems in terms of contaminated media. A description of 
the contaminated media is provided in Section 10.0 and includes information and data 
pertaining to the sampling program, physical characteristics of contaminated media, results of 
the analytical testing, and extent of contamination. Remedial action objectives, general 
remedial response actions, and potential AlL4R.s are identified to address the site problem 
(i.e., contaminated media). Specific remedial action technology types are identified for each 
of the general response actions. These technology types may be further broken down jinto 

specific process options. 

After the remedial technologies and process options are identified, the technologies are 
subjected to a preliminary screening to determine their applicability. This screening is based 
on specific site criteria including site conditions, contaminant characteristics, and potential 
ARARs. Technologies and process options that pass the preliminary screening-are--evaluated 
based on implementability, effectiveness, and cost. It is possible that any process options that 
pass the initial screening could be selected for implementation during remedial design. By 
selecting one process option to represent a technology type, the alternative assembly process 
becomes more streamlined and manageable. 

Many technologies iueffect& by themselves are retained to be combined with other 
technologies to form alternatives spec;iE~.applicable to the QADSY site. To remain 
consistent with data provided in the RI Report for the QADSY, the same study areas and their 
designations used in the RI report will be used throughout the FS Report. 

11 .I Remedial Action Objectives and Goals 

The NCP states, “The appropriate extent of remedy shall be determined by ~&e..lead_dag,acy's 

,.J’“- selection of a cost-effective remedial alternative that qffectively mitigates and minimizes 
threats to and provides adequate protection of public heah and welfare and the environment” 
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(40 CFR 300.68(i)). This is the general goal of all CERCLA FSs. Based on the results of 
the RI, the following contaminated media are considered for potential remediation: 

l Groundwater 
l Surface Soils 

To satisfy the general objective of the NCP, specific remedial action objectives for the 
contaminated media follow. Numerical remedial action goals are presented in Table 1 l-1. 

11 .I .I Groundwater 

The remedial action objectives for groundwater are: (1) the adequate protection of human 
health from inhalation of VOCs in the groundwater extracted from the aquifer; and (2) the 
adequate protection of human health and the environment from the discharge of groundwater 
to surface water. 

11.1.2 Surface Soils 

A remedial action objective for surface soils at the site is to prevent ecological exposure to 
contaminated soil through ingestion. 

11.2 ARARs 

CERCLA Section 12 1 requires that remedial actions comply with the requirements of all 
federal and state environmental regulations (ARARs). 

Applicable requirements mean those cleanup standards, standards of control, and other 
substantive environmental protection standards, requirements, criteria, or limitations 
promulgated under federal and state law that specifically address a hazardous substance, 
pollutar$ contaminant, remedial action, location, or other circumstances at a CERCLA site. 
Applicable requirements are specific to the conditions present on the site for which all of the 
jurisdictional prerequisites of the law are satisfied. 

Relevant and appropriate requirements are those standards promulgated under federal and state 
law, that while not “applicable,” address problems or situations suficiently similar to those 
encountered at the CERCLA site that their use is well suited to the particular site. A 
requirement that is judged to be relevant and appropriate receives the same degree of 
compliance as if it were applicable. 

To-be-considered (TBC) criteria are non-promulgated AViskes or guidance issued by federal 

or state government that are not legally binding a PiB do not have the status of ARARs. 
wer, h many circumstances TBC~ wilj”e considered in addition to ARARs as part of 
the site risk assessment and may be use+ ‘as the level of cleanup for protection of human 
health or the environment. ,* 
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ARARs apply to actions or conditions located onsite and offsite. Onsite actions implemented 
under CERCLA are exempt from having to meet administrative requirements of federa.l and 
state regulations such as permits, as long as the substantive requirements of the ARARs are 
met. Offsite actions are subject to the full requirements of the applicable standards or 
regulations, including all administrative and procedural requirements. 

Based on the CERCLA statutory requirements, the remedial alternatives developed in this FS 
will be analyzed for compliance with federal and state ARARs. This process involves initially 
identifying potential requirements, evaluating the potential requirements for applicability or 
relevance and appropriateness, and determining the ability of the remedial alternatives to 
achieve the ARARs. 

For discussion purposes ARARs can be divided into three groups: chemical-specific, location- 
specific, and action-specific. 

@ Chemical-specific AR4Rs include those laws and regulations governing th.e 
release of materials possessing certain chemical or physical characteristics, or 
containing specified chemical compounds. These requirements generally set 
health or risk-based concentration limits or discharge limitations in various 
environmental media for specific hazardous substances. Examples include 
drinking water standards and ambient air quality standards. 

@ Location-specific ARARs are design requirements or activity restrictions based on 
the geographical or physical position of the site and its surrounding area. 
Examples include areas in a flood plain, a wetland, or an historic site. 

* Action-specific ARARs are technology-based and establish performance, design, 
or other similar action-specific controls or regulations on activities related to the 
management of hazardous substances or pollutants. An example includes RCRA 
incineration regulations. Action-specific AR4Rs are evaluated in Section 12.0 
after specific remedial alternatives are identified. 

Potential chemical-, location- and action-specific AIWRs are listed in Appendix 0. 

11.3 General Response Actions 

General response actions are medium-specific groups of remedies which are assembled1 to 
meet the remedial action objectives at the site. General response actions have been identified 
for soil and groundwater. Although separated to address specific remedial action objectives, 
the majority will work in conjunction with other general response actions to meet all remedial 
action objectives. The general response actions identified for each contaminated media, with 
corresponding remedial action category, are presented in Table 11-2. 

Available remedial action technologies and process options associated with each gener’al 
response action are presented in Table 1 l-3. For instance, capping and vertical barriers are 
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two remedial action technologies for the containment general response action. In addition, 
there may be several capping options such as multi-media RCRA, synthetic membrane, etc. 

In developing alternatives in Section 12.0, combinations of general response actions are 
identified, and based on the RI, an initial determination is made of areas or volumes of 
contaminated groundwater to which these general response action combinations might be 
applied (Appendix P). The approximate extent of groundwater contamination was mapped 
based on the most recent groundwater sampling conducted during the RI along with 
hydrogeologic conditions at the QADSY. Contaminated groundwater volumes were calculated 
using the interpreted plume area shown in Figure 1 l- 1. 

The QADSY was created by a fill operation as a disposal area for dredged materials 
excavated from the James River, Elizabeth River, and/or Willoughby Bay in the early 1950’s. 
The dredged material has been recognized to contain elevated levels of IOCs contamination. 
There are no records where the dredged material came from or may be from numerous 
sources. 

3 

Background soil data was collected at a upgradient located adjacent to Bausch Creek. 
Background soil data indicated IOC data was within a order of magnitude from the highest 
concentration measured during the RI. The IOC impacted soil will be too complex to 
delineate because of the unknown source or sources of the dredged material. The IOC 
contamination appears to be inherited in the dredged material and not from the drum storage 
yard because of the measured IOCs levels are similar to background. 

The RGOs for soil are from IOC contamination for ecological concerns. The recommended 
remedial action for soil is no action because the future plans are for the QADSY to be paved, 
and subsequently terminating this ecologic risk pathway. 

11.4 Identifying and Screening Technology Types and Process 
Options 

At this stage in the FS development, a preliminary identification and screening of the 
complete array of remedial technology types and technology process options takes place. The 
purpose is to produce a condensed list of applicable remedial action technologies along with 
their corresponding process options that may be assembled into suitable alternatives to control 
the contaminated media at the QADSY. 

11.4.1 Identifying and Screening Technologies 

Applicability of each technology was evaluated by reviewing its potential performance with 
respect to the site conditions and contaminant characteristics discussed in Section 10.0. 
Screening the remedial action technologies and their corresponding process options are 
detailed and presented in Table 11-4. Those that are considered applicable based primarily on 
technical implementability are given a “yes” rating. Technologies or process options that are 
given a “no” rating are screened out and will not be carried forward for further analysis. 
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Table 1 l-5 summarizes the technologies that passed this initial screening. Technologies that 
survived this initial screening but are not carried through the remainder of this FS may still be 
considered during the Remedial Design. 

11.4.2 Evaluating Technology and Selecting a Representative Technology 

The technology process options retained after the initial screening are thoroughly evaluated 
based on overall effectiveness, implementability, and cost. A summary of the evaluation is 
presented in Table 1 l-6. One or more representative technology process options are selected 
(Table 1 l-7) as representative to simplify the subsequent development and evaluation of 
alternatives within the FS. The selection of representative technologies is merely a basis for 
developing a remedial design concept in this FS: it is not intended to exclude other feasible 
technologies that may still be selected during the remedial design phase, even though they 
were not developed in this FS. 
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Table 1 l-l. Remedial Action Goals 

Tetrachloroethene (PCE) I 59.6 I BRGO 

1,2-Dichloroethane (DCA) 

Vinyl Chloride 

48.9 BRGO 

0.077 BRGO 

I,1 -Dichloroethene (DCE) I 0.038 I BRGO 

Carbon Tetrachloride 

Chloroform 

2.7 BRGO 

11.1 BRGO 

Barium 

Iron 

BRGO 7.3 

BRGO 3120 

Lead 

Manganese 

BRGO 13.7 

BRGO 313 

Thallium 

Vanadium 

BRGO 2.5 

BRGO 1.0 

RGO = Remedial Goal Objective 
BRGO = Below Remedial Goal Objective 

Table 11-2. General Response Actions 

Groundwater and Surface Water 

Surface Soil, Sediment, and Subsurface Soil No Action 

.;.:,..:.::j.:: j’$i 1:: j i ., 
,i;::~:II;;~~~.;~~~~~,~~~~I~~~~ ,; <,, 

.: ..: 

No Action 
Institutional Controls 

Containment 
Collection 
Treatment 
Discharge 

In-Situ 

11-7 



REVISED DRAFT FINAL 5913-l l/QADSY Draft FS.8 
6i96 

Table 11-3. Remedial Technologies 

ENVIRONMENTAL GENERAL AVAILABLE REMEDIAL TECHNOLOGY AND.. 
MEDIA . RESPONSE ‘ACTION, PROCESS OPTIONS 

;ROUNDWATER No Action None 

Institutional Controls Groundwater Use/Restrictions 
Groundwater Monitoring 

Containment Capping: 
Synthetic Membrane 
Clay 
Asphalt 
Concrete 

Vertical Barriers: 
Slurry Walls 
Vibrating Beam 
Grout Curtains 
Sheet Metal Piling 
High Density Polyethylene 
(HDPE) 

Collection 
Extraction Wells 
Subsurface Drains/Trenches 

Treatment: 
Onsite 

Biological: 
Activated Sludge 
Trickling Filter 
Rotating Biological Contactors (RBC) 
Aerated Lagoon 
Biophysical 
Submerged Fixed Film 

Chemical/Physical: 
Neutralization 
Dechlorination 
Oxidation/Reduction 
Precipitation/Flocculation 
Carbon Adsorption 
Ion Exchange 
Reverse Osmosis 
Filtration 
Air Stripping 
Dissolved Air Flotation 
Liquid/Liquid Extraction 
Ozone/LJV 
Spray Evaporation 
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// 

1 
GROUNDWATER 

Table 11-3. Continued 

GENERAL 
RESPONSE ACTION 

GENERAL 
RESPONSE ACTION 

Treatment (cont’d): 
In-situ 

Offsite 

Discharge: 
Onsite 

Offsite 

AVAILABLE REMEDIAL. TECHNOLOGi ANP 
PROCESS iOPTIONS 

Microbial Degradation 
Activated Carbon Bed 
Limestone Treatment Bed 
Chemical Treatment 
Air SpargingSoil Vapor Extraction 
Wastewater Treatment Plant (WTP) 

Deep Well Injection 
Aquifer Reinjection 
Infiltration Gallery 
Direct Discharge to Willoughby Bay 
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Table 11-4. Screening Available Remedial Technologies 

-1 Technology Eliminated from Further Analysis 
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ENVIRONMENTAL 
MXDIA 

GENERAL 
RESPONSE 

ACTION 

REMEDIAL FURTHER COMMENTS ; 
TECHNQLOGY- ANALYSIS 

PROCESS 

OPTTON 

Groundwater Containment 
(cont’d) 

No 
: 

-. Vibrating Beam ..Difficult:to :maintain: beamalignments : 
during ,installation. D%K%kkto~ 1 
m&ntain continuity,of adjacent, 
segments during .installationi : Limited. 

Collection Extraction Wells Yes Effective when aquifers have high 
intergranular hydraulic c:onductivity. 
Widely accepted and proven 
technology. 

.j::::. . . ..:.: : . . ., . . / : j :: :, :.:: :, : ‘j ” ;;j< ‘j i: @j.,:;$j ‘. : : ,: : ., : ; 
:: ,: : .: :: : :. ., ..,. : 

::;, :,:: :;:.:: ., . . . . . . j;, : :. ;::::.:i /. j:.. . . :;.:..:, 
::, $:i ,::.::::: :;j::;: :. : ..: : :, :i ; 2 .i’:iygj$ 

;:‘::,.i:,‘:..: ,::,, ::*: : : .: : .: ,:,: :..: :F .:j .. : .,. ., j .( .; ,,:. + ,: ,, *.: ,;:.<. 

:. . ...: .:...:.. :: ;, .j I. :I:,. ,.’ j :::::.j:‘,:. 
$p$&~ty3pti~~~~, ~ore::~~~~i~e:~~~~~o~si~~. :;. : :, :I : ::: .: .: :. :: : .,.... :*:i:;:.. :;+ ,::,:: ‘:’ ::.: ,:,.; : 

‘.‘a :,..,, ,: :.:,:,: :,:, ,. :,. .,: .I,.::.: :.,.:.,:: :. : . . . . :. :’ :::,:’ .;,j:; :,,. . . ::::. :.:.::::. :5,.x:, :.:” . . . .: :...:...:.:.:.:.. :. .: ,:: .,.. :::.::.:.:.:. ..,.., .:::. I....1M~.:,~~,w~~~~~~l~~~CQ~~~~~~:~ .; ;I. j ; ,, :, ,...: :‘,. : :: .,: ..,. .:.:.:.:.:: .;. “, : ,:. ,., ,. ..A., .,. 1, I: . . .A::,: ‘;I: :. : :; j: .:..:..j: ‘_ .: : ::. ::.::.,: .:.:.:‘j ::y ;,.: .. : :.. :.: ., :,..:.:,:.; ., : ., ,. ,. ., :,:,: ,. ,. :, ,+:,:,,. ..:: ‘:+:.:L: :: ::..< ,: ::. ::: ;: :,..:,: :.,. . . . . . ..I . . . . . . . . . . ,, ,, F:,. :..:.. ;:i ::.,’ .: j ,: j +::::: ..) :y,, :;,::..: :;, :.:,: .v.:...: :::i::,::::::i::‘:. : .: ‘:: :y..:j: .;. : :x:: :,,,:,... y::. . ...:., 
eii;d;*,d,i:~a~isa~i~~~~~~~~~ $&i$,.j ‘;I ; I i j. 

., . . . :, 5; j: ;>;::;.. .: .: ..~ .~.: .:: : ;.. :. ,:..j .:. ;: y,: .: ;(,; .: .:,.: ; ;:::::.::y:;. : ?:i:. ::: j::.j 
:::::: ,,,. .,. .,. ,. .,. :, ,. : ‘.c.:.:: .: ..j, 2 :, :, .>: :*.I,:. : ,:, .: .: : ::;:. :::.I xi::; ::. : .‘. ..‘,J, : i ,. 

:,,,:,:,,.l:,:,:,‘, ,:: .j ,.,;.i :..j.>.. . . . . .>:.,.:.x : .+: .:::.. : .: :. . . .c.:... ::.;:.,:, . z..::::. .. : :.:,. Ci$XcavaQotp . ..@&&$~v& qp~&.:~.@##$c.~ 
i:j:,,i ;,i;::y : .. ..‘:.. ..: ) j .: :j:j< 

::.:: .,:::;+: :: ,., :, > .: :> ‘y,::.,. .,.: ..,. :. ,. ::.::.,:: : ‘j : ‘.;j..: :..y: :;:I::: I ‘;.‘:j,>:.. : ,./...,, :::.., 2 :..:> . :./ :,: : 
. . . . . j:..:.. .‘j ,: .:.:.: ,.,.: ,; ,: .: ,,. :.,,:.,: ,i ,: .c,,t .;: ;.:..:,, [..I; ‘j ,:. i:; ::.:,. I:::,.‘.: ,. _,: ,’ ‘. .:,,.:,. : :;:: ::, ,...,,,..:.::.,., :>::::.: ..: ::,. ” : :, ,:, ::_::y.::. : I, : :‘: y ;: :, ,..: :‘.:.‘:.? :.:: .:.:j; ;, I’ j: :. I,’ : :I ,:’ :‘:,::q~;, ,,,,.;.,,:. :ii:@je;d-:ik:, ~onJun.~qran.:iwl~~b~~~~al~ j: : .:: :. .,:j .:‘::::‘,:I .: :.: .: 7:,.:,:: :,j: .: .: .A::, >:.j/ : ..: .: ., ..:: ,.., ,, ::;.i,; :::y ..:. : : ., :. : : ,. ,., :. : ,:, : ::j.: :::... ,: : ::,:: ::.:::,:::g:;!j:...: .I ,, .:;:j ::,., :,: j:;):::,::.:~,:. ::: .I ..: .:.. : .,: :.: .:: :: .,: . . . :;::. :::y:: .>,. ..,,.,_,... >>: ,..,. :.>:. .,. 
., ,,, . . : : .:. : :‘. . . . . . . . . . ..y : ,: > :; I:: ‘: :.,.:. .: .: : ,., :. ., .,, .:.: .I. ..:: :jjjj: j .., : : : : .,,, : : ,. .: ‘:. i “’ ; ‘ii ;: ,. :: j, :: ,, ;, 1: : . j .i .j’ i~i:,I:::~..:,.:..:::,i ;::‘;::i;::;:.:::.:: j...;:.:; ,i: ,~ . . .:..:. . . . 

Technology Eliminated from Further Analysis 
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ENVIRONMENTAL 
MEDIA 

!I Groundwater 

Table II-4 (continued) 

Treatment: 
Onsite 

GENERAL 
RESPONSE: 

ACTION 

REMEDIAL FURTHER COMMENTS 
TECiINOLOGY- AiVALYSIS 

PROCESS 
OP’iXON 

.Biological 
- Activated 

Sludge 
No- 

Requires major. design and construction. 
Difficult to treat influents containing 
only halogenated compounds (i.e., TCE,:. 
.DCE). 

- Trickling-Filter 

: 
,:;:‘::, 

NQ.. 1. used primarily for highBOD : 
w&tewaters. Influent not zoncentrated: . . . ..I. 
enough. ta support microbes:, D&itiuIt 

’ to .‘treat: influents c.ontainina: onlv- 
1.: ” ,Y. , 

halogenated compounds (Le., TCE; 

I DCE).. 
_ &&iig : '1 N@':. Proven effective in treating..?CAland . 

..:... BiiIogi$al : ,’ ;i:.,. .,,j.:. 
..I. 

DiCA-containing waters; catihandie 
e;~$~~cto&.. ., : 2 

:j 

.::_i,,:, :$.B’C)&~ ;:. ‘II mf...,::(.,; 
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- Biophysical 

- Aboveground 
Bioreactor 

Yes 

Yes 

Provides biological oxidation and 
carbon adsorption in same unit. 
Effective on biodegradable and 
refractory organics. Requires less 
carbon than carbon adsorption alone. 
Carbon must be replaced or 
regenerated. 

Can handle high shock loads. Water 
from bioreactor can be reinjected into 
aquifer. Not effective for certain 
contaminants. 



REVISED DRAFT FINAL 5913-I l/QADSY Draft FS.13 
6196 

Table 11-4 (continued) 

ENVIRONMENTAL GENERAL 
MEDIA RESPONSE: 

ACTION 

REMEDIAL FURTHER COMMENTS 
TECHNOLOGY- ANALYSIS 

PROCESS 
OPTION 

Groundwater Treatment 
(cont’d): 

Onsite 

- Precipitation/ 
Floc&lation 

- Carbon 
Adsorption 

No:. Appticablefor removal of suspended 
solids, metals, and colloidal particles. 

Yes Removes a variety of organics and 
some inorganics. Permanent treatment. 
Modular units available for lease or 
purchase. A widely used, effective 
technology. Exhausted carbon must be 
replaced or regenerated. 

- Ion: Exchange, No .’ 
. 
-Effective in ‘the removal of aqueous 

i.:g&&; i .. : 

1 ,i.. -Rev&e.: : i .: 
:. 

.., :I ..:: &j\:.; . . ::i.e~~ctive:in.treating:highi.imetaf:. ‘... 
: ;.,:;: ~~, O$~o&: .: :.(.‘.‘,i i:j, :;ijIz .,,:,:.~i:i:--::j:i,~~:~:~~t~~at~rsi: :‘. ,..::,.I .. :fi :jlj j TI ~~:,!‘j(j!~~‘:: 

- Filtration Yes Effective for the removal of fine 
particulate suspended solids including 
metals adsorbed to solids. Aids in the 
performance of air strippers and 
injection wells. 

- Air Stripping Yes Removes VOCs from water. Widely 
demonstrated effectiveness. 

:.. . . . ., ::. j .5 . ., ,.,., ,, :.,: .<.,: .: ,.: ., ..,. :.::. :: ::,: ).,. : ... : : :: ,: . . . . :’ : : .:,:.. i:,::,;: ::j ,y.. :.::.. .: : :: .),‘. ::: :,.... ;: jj:,jjjjj::.: :: : : : ,.. ,: .‘.: : :::.::, :.:: ::::xi. .:,-:. :: . .. :.::.: :’ : ;. p.$j& ,: @&/&.j &$: g; ::1 :fy; j I ~&&+ : ““i :iii;~~~i~ife:i:~~~:~~~o~~ili~~~ji$i~~~i;: ; : ; ; ‘.. 
::‘:r~~$l:;ii’~,.~~~~~ti~~~~: : :. I: .::,:: ::: . . . : : : : : .:: .: ,,. :. :.:.,.::.,.:. .: ;: : .:y: .,. ,:,.;,.: ,.,.:.,:,,, . . . . . ..;.-,. 1:. :..,:. .:,, ,:::.:.,j:::.+.: ..,,..: -:: 
; :.,j : .: : > ..:.. 

,j :::,‘::ij~:i:::::~i::::: .. :. ,-.i:::.i,.i:~.E.‘~~es;,,:~~~~p~Ilcab,3~’ifo~:Q~~~~ ;: ,. 
:,: I ,:...: :: .’ .+y ; :: . ...: :. I:iij ,::,:,., ,. :,,. :,, ‘:>I: : :::i : : ,,: :.:j .,:.. 5: :: .:,:,, : : : :. ,:: :;, :‘, : ,y ,:,:,.:::&: F:... ., :::. : .:::,: ‘. : .::: :@.~u&&&;.,~~ .y ; j : : : : : ::,: : ; ; ; ; ,; j j j:i:.j: ;:J j :$:l::j !$ ; ; : ;.; 

:. .A.-. .:. : .. :. :..:..: ,:..::.: . .A.. .:. .: ,;: :: .:. :.. ..;:.: .,: :. . . ..j : . . :5:x: . . . .::’ : ;> ,j;j :... i.:j.: : j :: ; .:.:+:j,:.:... .:. :;,. :., ,::,:: :: ,;,;;;.., -jj: ::y .y,:: 
iz: j$:$ Y~.~,&+-j$~@~j : : ij F ‘1 i :,L;; ;.J &j $j::j,.t,: ,; ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ j 

‘.‘.: j.;,::: :,j,.I,:::,::..j:.:j;: :::::y:,:... : . . . . ‘,.;.::p:.;:: ,* :i:.::.;:: :,..: i.,:: .,:: ,+<,:::: ,.... .: j C’.. .j.: 
j ; j: ; 

j: : ::f$ ; : ,g$q&&& ; ‘. :: :.: .z:j ;z,l;.; 2: 
: 

:. :; ;:I 3, .;.,;.ii”i$.ji,:i. ,::. ;:$@~eeft&&g~:; @#$:,$$q@~$; i. qgg+ .;, 
: .: 

. . ;:‘. .: : .I’:; .: .‘, ~ ,, ..,j ., ,.:y :,::‘,‘.:.;:i .: :: i:.,:‘::::.i::i:.:I..~~::~‘,~~,~~. j, :::,j’.j’f ,:: ,: : . .,: . . . . . . . . .: ,: :. j: j . . ., . . ,’ “. 
: ,: i: ,: 

I: : :.,, :,,~ .. ::,.;: .. . . : . . . : . .:.. :’ ‘:““’ ‘:T.’ .j :: : : : :j .:.,.:.,.: :.,:: :.;: ,, :.,:: :j: ;.:: : .: :.: ,, .,::::::;.::‘: :‘:: : -,: .: ,.,, 1, :::,, j::.i :+ :+: : :. j :. : :,,:y,:j.;:,~:..,: ‘.. : :: ..: ,: ., . . . . . . . . . . . . . . . ::.,::.:.j :, ,: :.,:: ..:. ., ::. :,. .: : .,: .: .j, . . . . ,. ,. .: :,,,<:::: :‘::::.::.:;::. 5 j:: i:‘i~~l~b~~t;6,i.?~DS’iE’~~~~“~~. .i j, : .: .: 

- OzoneAJV Yes Effective for the removal of chlorinated 
hydrocarbons in dilute concentration. 

Technology Eliminated from Further Analysis 
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ENVIRONb’iENTAL 
MEDIA 

Groundwater 

GENERAL 
RESPONSE 

ACTION 

Treatment 
(cont’d): 

In-situ 

Offsite 

Discharge: 
Onsite 

Offsite 

Table 1 l-4 (continued) 

REMEDIAL 
TECHNOLOGY- 

PROCESS 
OPTION 

Microbial 
Degradation 

Activated Carbon 
Bed 

Limestone Treatmen 
Bed- 

,.. : 
: CJemical. Treatment ,j . :;: . ,:‘. : : ,: ., ‘.. ‘. .“: : 

:: ..i:‘.j, ;: 

Soil Vapor 
Extraction 

Air Sparging 

Wastewater 
Treatment Plant 
w-w 

: Deep YWelI In&?ion . . ,: : .: : :, . . ,. . . . . . . . . . . .: :, ,. ,:,:..,.,, ,.. ,. . . . . . . . . . .A.. . . . . ,. ,.,. ,._.,. ; .. .il.;:;;‘,:. y:,,: ..,: > ::.:, ,-,: y’ :. . . . . . . . .,:.::...:,.:.... :. ,: ,. :.. ::.:. .:.,.:: . . . . . . . : : ‘..A,:. .: .,.,. :.,. . . .:: :..::... :. ./ ,.,., .:::.: .,.,.,: j:.,..: . .A,: ,:,::.; :,.::.:, ,,,. .,. :, :, : 

Infiltration Gallery 
(after treatment) 

Direct Discharge to 
Willoughby Bay 

FURTHER. 
ANALYSIS 

Yes 

No 

Nd:. 

: 

:.::.~o:;, ‘.. 
,. . : :. 

: . . . . j :,,:.: .: ,i,,; : .,,. : .: .> .j : :: i 
:‘. ., j.:ji: : .: 

> : : .: ,. :. 

Yes 

Yes 

Yes 

.: . . :. .,I:‘, ., ..: ;.:/ :;.‘i’i’w;.jq&:ii3i 
,, ,:,, ‘. : “: :.:j :: . . ., ,:, .:.: ,:. ‘y::,;.? :; : : :: :: :. .:.A . . . . :., :.:::,:~:::.,:g: ,.. j: ..:,<y, “, : ..,., :, :, .: +:,. : :.:..;: :>:: ,., :..:: -.:.:. : .: ,. .:,.:. .,.:..: .,,.,. :.,. . ...). :::y: ::.,:: .,::,,:, 

Yes 

Yes 

COMMENT; .. .: / 

1 
Proven effective in treating aquifers with 
highly permeable soils and containing 
TCE, DCE, TCA, DCA, methylene 
chloride. Comnlete destruction of waste. 

Proven effective in treating aquifers with 
highly permeable soils and containing 
TCE, DCE, TCA, DCA, methylene 
chloride. Complete destruction of waste. 

Proven effective in treating aquifers with 
highly permeable soils and containing 
TCE, DCE, TCA, DCA, methylene 
chloride. Comnlete destruction of waste. 

Can handle fairly high concentrations of 
contaminants during normal functioning. 
Local treatment plant is high capacity. 

. . .‘.. ,’ . . : .: ,:,:: .+,: ,,. :: :j:::. :; .‘... :..:. :... 
~$&~i~.:$&&& ~~;i~~~~i:.“‘~~:~~~~~~~~ ‘,: ,.’ .‘.. .:::. : ::,,: :, : :: ::, :::. :.,.:::,: : .+ .: ,; : ..:: y.,: ,::::, ,,:T ,..., .,::,,: 
~~~~~p~~l~::m~~~~:,bf: ~rspos@zi~~~~o~.:.i 
~i;~~ce.col~~~~~o~~ ; ; : : ,, ::::: +<,,; ::..:. : .:. :. .:..::::j::.+ ;,.j j ::: : .i::‘j,:::r;+,:i ; .ij j ~;~;g.yz~~ 

High treatment standards must be 
maintained. Infiltration Gallery wells are 
necessary for implementing m-situ 
bioremediation. 

Requires constant monitoring and a 
NPDES permit. After groundwater is 
.extracted and treated to meet discharge 
standards, water can be pumped via 
pipeline to Willoughby Bay. . . 

~I::.:;:. 
Technology Eliminated from Further Analysis 
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Table 11-5. Applicable Remedial Technologies Retained for Each Media 

( 

ENVIRONMENTAL. 
&lEDIA 

Zroundwater 

REMEDIAL RESPONSE 
ACTlCON 

No Action 

Institutional Controls 

REMEDIAL TECHNOLOGY AND 
PROCESS OPTIONS 

None 

Groundwater Use Restrictions 
Groundwater Monitoring 

Containment 

Collection 

Treatment: 
Onsite 

None suitable 

Extraction Wells 

Biological: 
Biophysical 
Aboveground Bioreactor _ 

Chemical/Physical: 
Carbon Adsorption 
Filtration 
Air Stripping 
Ozone/UV 

In-situ Microbial Degradation 
Air Sparging/Soil Vapor Extraction 

Offsite 

Discharge 

Wastewater Treatment Plant (WTP) 

Direct Discharge to Willoughby Bay 
Infiltration Gallery 
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TABLE 11-6 
SUMMARY OF DETAILED SCREENING OF 

TREATMENT TECHNOLOGIES AND PROCESS OPTIiiiits 

GROUNDWATER 
RESPONSE ACTIONS 

REMEDIAL 
TECHNOLOGY 

PROCESS 
OPTIONS 

EFFECTIVENESS IMI’LEMENTABILITY KELATIVE COST 

Does not achieve remedial 
action objectives. 

Not applicable. 

Groundwater 
Restrictions 

Groundwater Use and 
- Access Restrictions 

Groundwater 
Monitoring Monitoring 

b 
h 

El 8 Collecticri, 
Groundwater Extraction Wells 

Y 
Collection 

9 a 

rl Carbon Adsorption 
I 

I I 

Filtration 

Air Stripping 

Treatment Chemical/Physical 
Treatment 

Precipitation/ 
Flocculation 

1 

km option eliminated from further analysis. 

Effectiveness depend3 un 
continued future imple- 
mentation. Does not reduce 
contamination. 

Useful for documenting 
conditions. Does not reduce 
risk by itself. 

Effective and reliable; 
conventional technology. 

Effective for treatment of a 
wide variety of organics. 

Effective and reliable as a 
pretreahnent technology. 

Readily implementable. 

Effective for removal of Simple, reliable 
WCs, exhaust gases m,ly operation. May require 
require additional treatment. subsequent treatment. 

Effective, will produce 
sludge that will periodically 
require disposal. 

Simple to implemcn t but 
requires space to set up. 

Effective, but is affected by 
high total dissolved solids 
and organ& concentrations. 

Implementable, water would 
require pretreamen t. 

Effective, but semi- 
permeable membranes can 
clog easily. Only low flow 
rates can be handled. 

Implementable, but could 
require high maintenance. 

By being on the Naval Base, 
is currently subject to 
restrictions for use. 

Rea4ily implementable. 

Readily implementable 

Readily implementable. 
May rtzuire pretreatment. 

None. 

None. 

Moderate capit,\l, mo~lct,~te 

- high O&M cost. 

Moderate-high capital cclbt, 
high O&M cost. 

Moderate-high capital cost, 
moderate O&M cost. 



\ 

TABLE (continued) 

SUMMARY OF DETAILED SCREENING OF 
TREATMENT TECHNOLOGIES AND PROCESS OPTIONS 

GROUNDWATER 
RESPONSE ACTIONS 

REMEDIAL 
TECHNOLOGY 

PROCESS 
OPTIONS 

EFFECTIVENESS IMPLEMENTABILITY RELATIVE COST 

-~_- 

: ‘; ,;~~:.i:.:~.:.:.:.:.:~~~:~~~~~~ -;. .,...: . . . . . . :.::.>: .,.(. c _..................~ .,.,.,., ‘.~““““‘~‘.‘.‘.‘................... . . ..“..L”..,r~~,,,,,~,~~;~,~~~ 
Chemical/Physical _’ 

“““.v.‘.-. ,: :. . . . . . . . Limit4 eff&veness in 
.,...,.....,.........i..... :.: . . . . ..‘...................~.~.~+~.~.~.~~~~. 

Treatment (cont’d) - ~~~~~~~~~ treating 1,1, ]-T&j alld 
Treatment ~~~~~~~ D(--. . . . . . . . . ..~.~.......,.,.,; :..;: : ‘S :.:. ‘...A.. . . . r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : “........“.......:.:.~:~:.:~~~ :.:.:.:.:.:.:.:.: . . . .._.............. . . .._. . . . . . . . :::x....... L c “““’ ” ” ““” - 

Effective for many 

- Biological Treatment 
organic compunds~ 
Can handle large flow 

variations and shock 
loads. 

Ultraviolet lamps are High capital and O&M 
susceptible to coating cost. 
which decreases effi- 
ciency. 

Low-mc>dcr;\tc cnpitJ, 
Requires major construe- low O&M cost. 

Effective option for BOD Commercially devel- 
and organic contamina- oped; readily 
tion reduction. implementable. 

Microbial 
Degradation 

If successful can be a 
very effective option for 
organic contaminant 
removal. Uses conven- 

Implementable, but 
design criteria not fully 
established. Requires 
treatability study. 

Offsite Discharge Pipeline to 
Willoughby Bay 

Effective and reliable 
discharge method. Does 
not eliminate contamina- 
tion. 

- Onsite Discharge 
Effective discharge I 

_ Aquifer Reinjection method. Injection wells 
susceptible to clogging if 

-8 improperly designed. 

Implementable, if WTP 
can accept discharge. 

Discharge permits and 
monitoring required. 

Injection well permits 
and monitoring 
required. 

High capital, moderate 
O&M cost. 

Moderate capital, 
moderate O&M cust, but 
usually much shorter 
period of nperntion. 

Moderate capital cc)st, 
low O&M cost. 

High capital, low O&M 
cost. 

High capital, low 
O&Mcost. 

F’mcess option eliminated from further analysis. Page 2 of 5 



‘, TABLE 31-6 (continued) 

SUMMARY OF DETAILED SCREENING OF 
TREATMENT TECHNOLOGIES AND PROCESS OPTIONS 

SOIL 
RESPONSE ACTIONS 

REMEDIAL 
TECHNOLOGY 

PROCESS 
OPTIONS 

EFFECTIVENESS IMPLEMENTABILITY RELATIVE COST 

_____ _____ ~ .__ ~... .- ..___. --- 

Access Restrictions _ 

Monitoring Surface 
Water Runoff 

= 
l 

Containment 

r- 

Capping 

I Removal t Soil Removal 

Onsite Low Temperature 
Rotary Dryer 

Does not achieve remedial 
objectives. 

Not applicable. 

Effectiveness depends on 
long-term implcmcntation. 
Does not reduce contnmina- 
tion. 

Leg,11 action may bc 
ncccehsary. Enforccmcnt/ 
monitoring difficult. 

Does not reduce contamina- 
tion but will limit site access. 

Site already fenced 

Useful for documenting 
conditions; does not reduce 
risk by itself. 
Effective in preventing 
exposure. Does not reduce 
contamination. Seals 
contaminants in place. 

Alone, not accept&k to 
local/public authorities. 

Readily implerncntabie 
using conventional 
equipment. impossible to 
develop site. 

Effective in preventing Readily implementable 
exposure. Does not reduce using conventional 
contamination but seals it in equipment. Site could be 
place. developed where required. 

As above. As above but site would he 
more difficult to develop. 

Effective and conventional 
technology. 

Readily implemcnt~~ble 
using cclnvention.ll 
equipment. 

Effective and proven 
technology. Temperature 
unneccesarily high for site 
contaminants. 

Implementable, mobile 
units available. Approval 
process involved, but 
should not be complex. 

Effective for VOCs~ non- 
volatile organ&, and 
hydrocarbons. 

Implementable; commer- 
cially available mobile 
units. 

Has proven effective in 
destruction of organics. 

Units are available. 

Has proven effective in 
destruction of organics. 

Units are available. 

None. 

None. 

Low-moderate capital cclbt 
Some O&M cohh if de<.~y 
WCUTS. 

I 

I 

Moderate-high capital co\t 

Moderate-high capital cost. 

High capital cost. 



TABLL (continued) 

SUMMARY OF DETAILED SCREENING OF 
TREATMENT TECHNOLOGIES AND PROCESS OPTIONS 

SOIL REMEDIAL 
RESPONSE ACTIONS TECHNOLOGY 

PROCESS 
OPTIONS 

EFFECTIVENESS IMPLEMENTABILlTY RELATIVE COST 

Treatment 
(cent .I and inorganin. 

..>>..: ~;.~+.: :,:.:.:.:.: :::::... .:j . . . . . :,:::.:::::::::::>.:: . .,..............l.../ _ ~~~iizi~~~~~~~~~~~. 
Effective in trc&ing soils 

: ., ‘5.. . . . . . . . P .A. .A. . ..A ,...,.,.,.. Xi.< _, 
I~~:~~.~.l:.~::~:.~.:.:.:.:.:.: _..,.,.,...,.........,.._.,L....., 

contaminated with organic> 
. . . . . . . . . ‘A. V.V.‘.‘.. . . ..‘A ..>...W.L~ .,.,., .. .. . . :.:.:.:.: . . . . ‘.‘:‘:.~‘:..:.:::::~::~.~::::,:~,:,:,:,:,:,:,:.:::::~ .:.:.:.:.:.:.:.:~ and hydrocarbons. 

Biological 
Effective for simpler 
hydrocarbons. Levels of 
more complex organics 
could be more difficult. 

Physical/Chemical - Fixation/Stabilization 
Innovative, but reliable and 
effective technology. 

Solvent Extraction 

Especially effective for 
removal of organics and 
hvdrocarbons, oil and 

Process option eliminated from further analysis. 

1 ] &ease,andPkBs. , 

Effective at reducing wide 
range of organ!cs, ht Eat 
heavier hydrocarbons. 

Successful at pilot level 
Mobile unit available. 

Implcment.~ble; mohilu 
units available. 

lmplcmentdble and 
commercially available. 
Lengthy approval process. 

Readily implcnicnt.~ble, but 
requires large open spaces 
and HDPE liners. 

Readily implementable; 
mobile treatment units 
available. 

Implementable. Limited 
applications to date. 

Implementable. Produces 
residual waste water stream 
which may need to be 
addressed. 

Readily implementable. 
Sfte may have to be done in 
many segments. 

Readily implementable. 
Design aiteria not currently 
established. 

hlodcrate capital, IUW (Uchl 
cost. 

Moderate-high capital IAN 

Moderate-kgh capit md 

O&M cost. 

Moderate capital and O&M 
snst; 

Moderate capita1 and O&M 
cost. 



, TABLE 11-6 (continued) 
SUMMARY OF DETAILED SCREENING OF 

TREATMENT TECHNOLOGIES AND PROCESS OPTIONS 

SOIL REMEDIAL 
RESPONSE ACTIONS TECHNOLOGY 

PROCESS 
OPTIONS 

EFFECTIVENESS IMPLEMENTABILITY KELATlVE COST 

Treatment 
(cont.) 

Effective for destrl~ction 
of organic contaminants. 

unneccesarily high for 
site contaminants 

Low Temperature Effective for VOCs, non- 
- Thermal Treatment volatile organics and 

hydrocarbons. 
b 

Disposal 

I - 

- Offsite Disposal - Permitted Landfill Effective. Not perma- 
nent solution. 

-* 

Effective in reducing 

environment. 

~ 
.v ‘J ..,: . . . . .A.. :.y$$>>p>z:$&cf.~r$+. . . . Process option eliminated from further analysis. 

Capacity of approved High capihl cclst. 
RCRA facilities is 
limited. Transportation 
accidents are possible. 

Facilities are avail~~ble. High Cilpital CoSt. 

Transportation accidents 
are possible. 

Keadily implementable. Moderate-high cost. 
Transportation accidents 
are possible. 

Readily implementable. 
Large portion of site 
would not be available 
for development. 

Moderate capital cmt 

Page 5 of 5 
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Table II -7. Selected Representative Technologies 

ENVIRONMENTAL GENERAL RESPONSE 
MEDIA ACTION 

AVAILABLE REMEDIAL. 
TECHNOLOGY AND:.PROCESS 

OPTIONS. 

GROUNDWATER No Action 

Institutional Controls 

None 

Groundwater Use Restrictions 
Groundwater Monitoring 

Collection 

Treatment: 
Onsite 

Extraction Wells 

Chemical/Physical: 
Carbon Adsorption 
Air Stripping Tower 
Multi-Media Filter 

In-situ Microbial Degradation 
Air Sparging/Soil Vapor Extraction 

Offsite 

Discharge: 
Onsite 

Offsite 

Wastewater Treatment Plant (WTP) 

Infiltration Gallery 

Direct Discharge to Willoughby Bay 
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12.0 DEVELOPMENT AND DETAILED ANALYSIS 
OF ALTERNATIVES 

12.1 Development of Alternatives 

Remedial alternatives are developed from the list of process options to meet the remedial 
response objectives. The remedial technologies/process options retained for further analysis 
are listed in Table 12- 1. The individual technologies are combined to provide remedial 
alternatives to protect human health and the environment. A description of the remedial 
technologies used to develop remedial alternatives for QADSY follows. 

12.1 .I Summary of Groundwater Remedial Technologies 

The following remedial technologies prevent exposure to contaminated groundwater by 
managing contaminant migration. 

12.1 .I. 1 No Remedial Action - Lona-Term Monitoring 

The limited action alternative for groundwater leaves the groundwater in its present condition, 
and long-term monitoring is the only action implemented. This alternative is used as a 
baseline for comparison with other remediation technologies. The risk assessment developed 
for the RI defines the level of risk associated with this limited action alternative. 
Groundwater samples from monitor wells would be collected and analyzed for the 
contaminants of interest to determine the contaminant concentrations versus time, the spatial 
extent of the contaminant plume, and the location of potential receptors. 

12.1 .I .2 No Remedial Action - Water Use Restrictions 

This institutional action involves implementing water use restrictions to prevent the use of the 
contaminated groundwater as a potable water source. The City of Norfolk currently has 
restrictions placed on the water table aquifer, including use of the groundwater as a ,potable 
water source by law. These restrictions prevent the possibility of nearby residences or 
businesses becoming potential receptors, fulfilling the goal of this technology; i.e., this 
remedial technology is currently in use. 

12.1.1.3 Groundwater ExtractionIPumpinq 

This technology is performed by removing contaminated groundwater via an extraction well 
or series of wells or interceptor trenches. Groundwater is then: 1) pumped to an onsite 
holding tank for later transport to offsite treatment, 2) pumped directly into an onsite 
treatment unit, or 3) pumped directly to storm drams discharging to Willoughby Bay. 

Due to aquifer depth, constructing an interceptor trench would require open excavation to a 
depth of 30 to 45 feet deep; The depth of excavation makes this remedial technology more 

12-1 
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difficult to implement than extraction wells. Therefore, extraction wells are considered the 
representative groundwater removal technology for developing alternatives. 

12.1.1.4 Onsite Treatment: Carbon Adsorotion 

Carbon adsorption is an effective treatment for VOCs removal. The process involves bringing 
the waste stream into contact with carbon in packed beds; the carbon adsorbs most VOCs as 
the contaminated water passes through the bed. When the carbon reaches its maximum 
adsorption capacity, it is replaced by fresh or regenerated carbon. Spent carbon is regenerated 
by the carbon supplier. However, due to the high cost of carbon and spent carbon 
regeneration, this technology may not be cost-effective alone. 

12.1.1.5 Onsite Treatment: Air Striooinq 

Air stripping is an effective process that removes VOCs from contaminated groundwater by 
transferring VOCs from a liquid stream to an air stream. Air stripping is commonly 
performed using a packed tower equipped with an air blower. The water stream flows down 
through the packing while the air flows upward; the air is exhausted through the top of the 
tower for treatment, if necessary. As a result of the process, VOCs tend to leave the aqueous 
stream for the gas phase. 

12.1.1.6 In-Situ Microbial Deqradation 

The bioremediation technology reinjects treated groundwater from the extraction wells, 
enriching the indigenous microbial population with nutrients. The effluent is then reinjected, 
enhancing in-situ microbial degradation and creating a closed-loop system. Periodic 
monitoring is performed to ensure that the enriched microorganisms are degrading 
contaminants effectively. 

12.1 .I .7 Offsite Treatment at industrial Waste Treatment Plant (IWTP) 

After the QADSY groundwater is collected and treated for VOCs, the water is transported 
offsite by truck to the Naval Base IWTP. Groundwater collected during the pump test was 
accepted at the facility with limited testing for indicator parameters; therefore, it is assumed 
that this technology should not involve in-depth permitting requirements, such as the Virginia 
Pollutant Discharge Elimination System (VPDES) permit described below. 

12.1 .I .8 Infiltration Gallerv 

Infiltration galleries are used in conjunction with in-situ technologies such as microbial 
degradation or soil flushing/washing. Treated groundwater is evenly sprayed over infiltration 
galleries at the site. The infiltration gallery serves as a filter and also enhances the 
biodegradation of any remaining contaminants. Permits may be-needed to install infiltration 
galleries. 
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12.1.1.9 Direct Discharqe to Willoushbv Bav 

Treated groundwater is discharged directly to Willoughby Bay via existing storm sewers. 
Facilities would consist of a pumping station and a discharge pipe. VPDES permit 
requirements will have to be met. 

12.1.1. IO Air SDarqinq/Soil Vatsor Extraction 

Air sparging wells are used in conjunction with air extraction wells to remove VOCs from 
both groundwater and adjacent soils. VOCs in both the groundwater and soil are transferred 
into an air stream that is then removed by extraction wells. The VOC-laden air flow is 
treated and discharged. 

12.2 Assembly of Alternatives 

CERCLA, as amended by SARA, requires that at least one remedial alternative be developed 
in each of the following categories, to the extent possible: 

1) A no-action alternative. 
2) An alternative that involves waste containment with little or no treatment. 
3) A treatment alternative that reduces the toxicity, mobility, or volume of the 

contaminants or contaminated media. 
4) An alternative that completely and permanently treats the waste and eliminates the 

need for long-term monitoring. 

By combining the selected technologies listed in Table 12-1, five alternatives were developed 
for this FS to address the remedial action objectives and meet the SARA guidance categories. 
These five alternatives are presented in Table 12-2. 

12.3 Evaluation Criteria 

Nine evaluation criteria serve as the basis for conducting the detailed analysis. The following 
five criteria represent the primary criteria that the analysis takes into account for technical, 
cost, institutional, and risk concerns: 

l Short-term effectiveness 
l Long-term effectiveness 
l Reduction of mobility, toxicity, or volume 
l Implementability 
l cost 
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The following two threshold criteria relate directly to statutory findings that must ultimately 
be made in the Record of Decision (ROD): 

l Compliance with ARARs 
l Overall protection of human health and the environment 

The last two criteria are normally evaluated following review and comment on the RVFS 
report and are addressed once a final decision is made and the ROD is prepared: 

l State acceptance 
l Community acceptance 

Community acceptance may not be an applicable criterion for the QADSY due to the location 
of the site on Norfolk Naval Base and because the site is not a National Priorities List (NPL) 
site. 

The nine evaluation criteria encompass statutory requirements and technical, cost; and 
institutional considerations that EPA’s program has determined appropriate for a thorough 
evaluation of alternatives. Each of the nine evaluation criteria is further divided into specific 
factors for a complete analysis of the alternatives. These criteria and corresponding factors 
are discussed in the following sections. 

12.3.1 Short-Term Effectiveness 

This evaluation criterion addresses the remedial alternative’s effect on human health and the 
environment during the construction and implementation of the remedial action. The 
implementation phase of a remedial alternative is completed once remedial response objectives 
are met. The short-term effectiveness is based on the following four factors: 

l The potential risk to the community 
l The potential risk to the workers implementing the remedial actions 
l The potential for adverse impacts on the environment due to implementing the 

remedial action 
l The time required to meet the remedial response objectives 

12.3.2 Long-Term Effectiveness 

This evaluation criterion addresses the results of a remedial alternative in terms of the risk 
remaining at the site after remedial response objectives have been met. The following factors 
characterize the potential remaining risk at the site following completion of the 
implementation phase: 

l The magnitude of risk remaining due to untreated waste or treatment residuals 
following the completion of the remedial alternative 

l The adequacy and reliability of controls that are used to manage untreated wastes or 
treatment residuals remaining at the site 
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12.3.3 Reduction of Mobility, Toxicity, or Volume 

This evaluation criterion assesses the level to which the remedial alternative reduces risk by 
destroying toxic contaminants, reducing the total mass of contaminants, reducing the total 
volume of contaminated media, and/or the irreversible reduction of the contaminants’ 
mobility. The specific factors considered in evaluating a remedial alternative are: 

l The treatment processes the remedy will employ, and the materials they will treat 
l The amount of hazardous materials that will be destroyed or treated, including how the 

principal threat(s) will be addressed 
l The degree of expected reduction in mobility, toxicity, or volume measured as a 

percentage of reduction (or order of magnitude) 
l The degree to which the treatment will be irreversible 
l The type and quantity of treatment residuals that will remain following treatment 
l Whether the alternative would satisfy the statutory preference for treatment as a 

principal element 

12.3.4 Implementability 

This criterion refers to the technical and administrative feasibility of implementing an 
alternative, and the availability of various materials and services required during its 
implementation. The following factors must be considered during the implementability 
analysis: 

l Technical Feasibility: The relative ease of implementing or completing a remedial 
alternative considering physical constraints and the previous use of established 
technologies. The following should be considered: 

Ability to construct the alternative 
Reliability, or the ability of a technology to meet specified process efficiencies or 
performance goals 

m Ease of undertaking future remedial actions that may be required 
Ability to monitor the remedy’s effectiveness 

l Administrative Feasibilitv: Activities needed to coordinate with other offices and 
agencies (e.g., obtaining permits for offsite activities or rights-of-way and easements 
required for construction). 

l Availabilitv of Services and Materials: The availability of the technologies (materials 
or services) required to implement an alternative. The following items should be 
considered: 

Availability of adequate offsite treatment, storage capacity, and disposal services 
w Availability of necessary equipment, specialists, and provisions to ensure any 

necessary additional resources 
Timing the availability of technologies under consideration 
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Availability of services and materials, plus the potential for obtaining competitive 
bids that may be particularly important for innovative technologies 

12.3.5 Cost 

A cost estimate for each remedial alternative is developed in accordance with procedures in 
the Remedial Action Costing Procedure Manual (EPA, 1988). Cost calculations for all five 
detailed alternatives are included in Appendix Q. 

12.3.5.1 CaDitai Costs 

Capital costs consist of direct (construction) and indirect (nonconstruction and overhead) 
costs. Direct costs include expenditures for the equipment, labor, and materials necessary to 
install remedial actions. Indirect costs include expenditures for engineering, financial, and 
other services that are not part of actual installation activities but are required to complete the 
installation of remedial alternatives. Costs that must be incurred in the future as part of the 
remedial action alternative are identified and noted for the year in which they will occur. 

Direct capital costs may include the following: 

l Construction costs for materials, labor, and equipment required to implement remedial 
action 

l Equipment costs for remedial action and service equipment necessary to remain at the 
site until the remedy is complete 

l Land and site development costs 

l Buildings and service costs of process and nonprocess buildings, utility connections, 
purchased services, and disposal costs 

l Relocation expenses of temporary or permanent accommodations for affected nearby 
residents 

l Disposal costs for transporting and disposing of waste material such as drums and 
contaminated soil 

Indirect capital costs, which are usually calculated as a percentage of direct capital costs, may 
include the following: 

l Engineering expenses for administration, design, construction supervision, drafting, and 
treatability testing 

l License or permit costs to obtain licenses and permits for installing and operating 
offsite activities 
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l Startup and shakedown costs incurred during remedial action startup 

l Contingency allowances to cover costs resulting from unforeseen circumstances, such 
as adverse weather conditions, strikes, and inadequate site characterization 

12.3.5.2 Annual Operations and Maintenance (O&M) Costs 

Annual O&M costs are post-construction costs necessary to ensure the continued effectiveness 
of a remedial action. The following annual O&M cost components are considered: 

l Operating labor costs that cover wages, salaries, training, overhead, and fringe benefits 
associated with the labor needed for post-construction operations 

l Maintenance materials and labor costs for labor, parts, and other resources required for 
routine maintenance of facilities and equipment 

l Costs of items such as chemicals and electricity for treatment plant operations, water 
and sewer services, and fuel 

l Costs to treat or dispose of residuals such as sludges from treatment processes or spent 
activated carbon 

l Sampling costs, laboratory fees, and professional fees 

l Costs associated with the administration of remedial action O&M not included under 
other categories 

l Costs of such items as liability and sudden accidental insurance, real estate taxes on 
purchased land or rights-of-way, licensing fees for certain technologies, and permit 
renewal and reporting costs 

l Annual payments into escrow funds to cover costs of anticipated replacement or 
rebuilding of equipment and any large unanticipated O&M costs 

l Rehabilitation costs for maintaining equipment or structures that wear out over time 

l Costs of periodic site reviews that are conducted at least every 5 years if wastes above 
health-based levels remain at the site 

12.3.5.3 Present Worth Analvsis 

A present worth analysis is developed to evaluate expenditures that occur over different time 
periods by discounting all future costs to the current year. This allows the cost of remedial 
action alternatives to be compared on the basis of a single figure representing the amount of 
money that, if invested in the base year and disbursed as needed, would be sufficient to cover 
all costs associated with the remedial action over its planned life. A U-year performance 
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period is assumed for present worth analyses with the exception of Alternative 1 which is 30 
years. A discount rate of 5 percent is used for the base calculations. 

12.3.5.4 Cost Sensitivitv Analvsis 

After the present worth of each remedial action alternative is calculated, individual costs are 
evaluated through a sensitivity analysis. The sensitivity analysis assesses the effect that 
variations in specific assumptions associated with the design, implementation, operation, 
discount rate, and effective life of an alternative have on the estimated cost of the alternative. 

A sensitivity analysis is considered for the factors that significantly change overall costs of an 
alternative with only small changes in their values, particularly those factors that have a high 
degree of uncertainty associated with them. 

The following factors are considered in conducting the sensitivity analysis: 

l The effective life of a remedial action _- 

l The O&M costs 
l The duration of cleanup 
l The volume of contaminated material, given the uncertainty about site conditions 
l The discount rate (a range of 3 to 10 percent is used to investigate uncertainties) 

The results of a sensitivity analysis are discussed during the comparison of alternatives. Areas 
of uncertainty that may have a significant effect on the cost of an alternative are highlighted, 
and a rationale is presented for selection of the most probable value of the parameter. 

Cost estimates provided for each alternative are intended to reflect actual costs with an 
accuracy of -30 to +50 percent, consistent with the EPA RI/IS guidance. 

12.3.6 Compliance with ARARs 

This evaluation criterion determines whether each alternative meets all the federal and state 
AIURs selected in this RI/IS process (Appendix 0). When an AIUR is not met, the basis 
for a waiver is discussed. The following specific AIL4Rs are evaluated for compliance: 

l Chemical-specific ARARs 
l Action-specific ARARs 

No location-specific ARARs were identified for the QADSY site. 

12.3.7 Overall Protection of Human Health and the Environment 

This evaluation criterion serves as a final check to assess whether each alternative provides 
adequate protection to human health and the environment. It draws on the overall protection 
drawn from assessments conducted on short-term effectiveness, long-term effectiveness, and 
compliance with ARARs. 
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12.3.8 State Acceptance 

This assessment evaluates the technical and administrative issues/concerns the Commonwealth 
of Virginia may have regarding each of the alternatives. This criterion will be addressed in 
the ROD once comments on the RUFS report and the proposed alternative(s) have been 
received. 

12.3.9 Community Acceptance 

This assessment evaluates the issues and concerns the public may have regarding each of the 
alternatives. As with state acceptance, this criterion is normally addressed in the ROD once 
comments on the RIM report and the proposed alternative(s) have been received, although 
this criterion may not be applicable to the QADSY. 

12.4 Individual Analyses of Alternatives 

Each remedial alternative developed in Section 12.1 .l is evaluated in detail in this section, 
including: 

l A detailed description identifying all the components necessary for evaluation 
l A detailed analysis considering the nine evaluation criteria outlined in Section 12.2 

12.4.1 Alternative 1: No-Action/Institutional Controls 

This no remedial action alternative consists of implementing monitoring to determine access 
and exposure to contaminated groundwater. No remedial actions that result in the treatment, 
containment, or removal of the contaminated media will be implemented under this 
alternative. In addition, this alternative would require continuation of current water use 
restrictions. 

The elements necessary to implement the no-action alternative follow: 

l Installing two shallow and three deep monitor wells 
l Collecting groundwater samples at 11 wells 
l Additional contaminant transport modeling 
l Periodically evaluating public health 

12.4.1.1 Detailed Description 

A long-term (e.g., 30 years) groundwater monitoring program will provide data necessary to 
determine the extent of contaminant migration over time. Eleven wells, six existing and five 
new, will be monitored quarterly for VOCs. Five new monitor wells will be constructed at 
locations determined by modeling: three within the plume boundaries and two downgradient. 
Two of the new wells will be approximately 35 feet deep, and three will be approximately 
45 feet deep to detect vertical migration of contaminants, if present. 
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Quarterly groundwater monitoring data will be evaluated after the first two years. If the 
variability between sampling events is low, the sampling frequency will be reduced to semi- 
annual. Annual monitoring can be considered after a five-year period. 

Well monitoring data will be reviewed every five years. Additional modeling will be 
performed to determine contaminant migration patterns. A public health evaluation will also 
be performed to determine if new receptors are present, or if contaminant concentrations have 
increased at previously identified receptors. 

Water use restrictions to prevent the use of the shallow aquifer as a potable water supply 
would remain in effect in accordance with City of Norfolk laws. 

12.4.1.2 Detailed Analysis 

The no-action alternative, which includes groundwater monitoring and water use restrictions, 
was assessed against the seven evaluation criteria described in the most recent RI/FS guidance 
from EPA (October 1988). Restoration time-frame for Alternative 1 is approximately 30 
years and can vary significantly due to groundwater flow velocity, natural degradation, and 
extent and degree of contamination. The results of this assessment are presented in the 
following paragraphs. 

Short-Term Effectiveness 

No treatment technologies have been proposed for the water in this no-action alternative; 
therefore, the only safety concern would involve possible worker exposure to contaminated 
materials onsite during sampling efforts. Personal protective gear for workers during well 
installation and sampling will help minimize associated risks. 

Even though water use restrictions are associated with this no-action alternative, contaminants 
may continue to be released into the surficial aquifer and migrate offsite. 

Long-Term Effectiveness 

This alternative’s long-term effectiveness would be influenced by the fact that risks over a 
period of time would still exist due to potential use of groundwater as a potable supply, 
despite enforcement of and advice about water use restrictions. The community would not be 
completely protected due to this potential expos:*ze. The actual risk associated with 
groundwater consumption is discussed in the ri:;k assessment. 

The long-term effectiveness of restricting water use is similar to the short-term (i.e., the 
exposure pathway of contaminants is minimized). It is expected that contaminants could 
eventually leach from the soil over time, although the exact extent of leachate generation is 
not known. Therefore, additional modeling will be necessary to accurately estimate the 
contaminant reduction over time. 
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Reduction of Mobilitv. Toxicitv. or Volume 

Because none of the contaminants in the groundwater will be destroyed, removed, or treated 
in this alternative, contaminant mobility will remain unchanged. The toxicity levels of the 
contaminant will slowly degrade through time due to natural biodegradation. No volume 
reduction of the contaminated media will occur with the implementation of monitoring and 
water use restrictions. 

Implementability 

Continued water use restrictions would be easily implemented: VDOH currently has them in 
place, and no known potable water wells exist in the vicinity. In the event that groundwater 
is still used from a downgradient well, an alternate water source will be required. Monitoring 
could be implemented without difficulty: coordinating with regulatory agencies would :not be 
required. The services and materials required for well installation and monitoring are readily 
available. 

-- 

The capital and annual O&M costs for monitoring and water use restrictions are 
approximately $34,991 and $28,500, respectively. A periodic O&M cost of $9,000 every five 

/@==- years would be required to conduct a site review and public health evaluation. This is 
equivalent to a total present worth cost over 30 years of approximately $884,195. See Table 
Q-l in Appendix Q for cost details. 

Compliance with ARARs 

The no-action alternative would not comply with the selected ARARs because VDEQ standard 
exceedances would still exist in the water table aquifer. 

Overall Protection of Human Health and the Environment 

Implementing the no-action alternative would provide overall protection to human health by 
eliminating exposure to groundwater through groundwater use restrictions. The alternative 
would not provide overall protection to the environment because the contaminants are 
naturally free to migrate. 
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12.4.2 Alternative 2: Groundwater Collection, Treatment, and Onsite Discharge 

The elements necessary to implement this alternative are: 

l Locating and installing 33 extraction wells 
l Constructing and operating a groundwater treatment system 
l Locating and installing pressurized conveyance piping 
l Locating a discharge point for treated water into Willoughby Bay 

12.4.2.1 Detailed Description 

A series of groundwater recovery wells (33 are estimated) will capture the QADSY 
contaminant plume. After additional transport modeling, the wells would be located along the 
west boundary of the site. Considering the average pump rate obtained during the pump test, 
it is estimated that a maximum rate of 10 gallons per minute (gpm) can be obtained from one 
recovery well. The exact number of wells, their locations, and effective pump rates will be 
determined from additional pump tests and groundwater modeling performed durkg the 
predesign phase. 

The extracted groundwater will be conveyed under pressure via aboveground pipe to the 
treatment system. Influent VOC concentrations (i.e., PCE, TCE, DCA, and carbon 
tetrachloride) are estimated to be the representative concentration, on the basis of 
isoconcentration contours of the VDEQ surface water standard. 

Extracted groundwater will be treated by VOC volatilization by air stripping. Discharge 
would be through an air stripper for VOC removal. Effluent from the stripping tower will be 
monitored weekly prior to discharge to surface waters (i.e., Elizabeth River) via an existing 
storm sewer line. A National Pollutant Discharge Elimination System (NPDES) permit would 
be required for direct discharge. Five times the plume volume is estimated to be required to 
reduce concentrations to remedial action levels. This volume would be treated over a 3- to 
12-year period depending on the groundwater extraction rates as calculated in Appendix P. 
This estimate can vary significantly due to factors such as volume and velocity of 
groundwater flow, extent and degree of contamination. 

The air emissions from the air stripping tower are estimated to contain less than a total of 
0.005 pounds per day (lb/hr) of VOCs. The VOC emission will be significantly less than the 
Virginia Air Quality limits of 4.0 pounds per hour (lb/hr) for a fixed source. Therefore, no 
air pollution controls are necessary to meet AIURs. 

12.4.2.2 Detailed Analvsis 

Short-Term Effectiveness 

No significant environmental impacts are to be expected during construction or 
implementation of this alternative. 
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The groundwater remediation system described would result in some small-scale fugitive 
volatile organic emissions as a result of the air-stripping activities. Generally, the system 
would be installed using normal construction practices, drilling equipment, etc. A 
comprehensive site safety plan would be prepared prior to initiating construction. 
The removal of VOCs will begin immediately after this system starts to operate. 

Human health (including workers) and the environment will be protected from any adverse 
risks by prudent safety measures. 

Long-Term Effectiveness 

When the pump-and-treat activities are complete, groundwater concentrations for the 
contaminants of interest associated with the QADSY sources are not anticipated to exceed 
action levels. 

If no source control removal or treatment actions are performed, contaminated soil would 
remain onsite (in place) after the treatment actions; however, the concentrations would be 
reduced over time. If the soil is not disturbed, no significant risk is anticipated. A 
reevaluation of hazards associated with any excavation or creation of new exposure routes 
would have to be assessed every five years. 

P-. Reduction of Mobilitv, Toxic&v. or Volume 

The treatment process will remove the VOCs from the groundwater and allow them to 
dissipate into the atmosphere. This is considered an irreversible process because the 
contaminants are extremely diluted in the atmosphere. The toxicity of the contaminants in the 
groundwater will be reduced because of their removal. The contaminants in the atmosphere 
will eventually break down through natural processes such as photo-oxidation. The volume of 
contaminated groundwater will be reduced by not allowing its continued migration at 
concentrations above action levels. The mobility of contaminants in the groundwater will be 
restricted to the area influenced by the extraction wells during the pump-and-treat phase. 

Imnlementabilitv 

This alternative has no anticipated technical difficulties associated with its construction or 
operation. All materials and services for these remedial technologies are readily available. 

Several activities are proposed for the remedial design phases: (1) conduct additional pump 
tests to accurately determine number, size, depth, and location of recovery wells, (2) expand 
groundwater transport model (i.e., predict areal and vertical extent of plume), (3) devel.op 
accurate design of the groundwater remediation treatment system, and (4) monitor 
underground contaminant concentrations. 

,,-. The acquisition of permits for the location and construction of treatment system elements such 
as injection wells, extraction wells, treatment vessels, and associated piping; if any suclh 
permits were required, will not be any more difficult than at other military facilities. 
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The estimated capital cost of this alternative is approximately $456,475, the estimated annual 
O&M cost is $136,260, and an estimated periodic cost to perform the site review and public 
health evaluation every five years is $9,000. The present worth cost over 15 years is 
estimated to be $2,902,236 based on a 5 percent discount rate. See Table Q-2 in Appendix Q 
for cost details. 

Comnliance with ARARs 

The contaminant removal rate from this treatment system should reach operational equilibrium 
within a relatively short period of time after being activated. Once action levels have been 
achieved in the groundwater and the pump-and-treat phase is completed, groundwater 
concentrations will not exceed the chemical-specific ARARs. All treated groundwater would 
be discharged into Willoughby Bay at levels below chemical-specific ARARs for all organic 
chemicals. It is assumed that removal effectiveness for all indicator chemicals is similar and 
that treatment to below AlL4Rs is achievable. 

This alternative will also meet the action-specific ARARs selected for surface water 
discharges, NPDES Effluent Standards and/or Limitations. Emissions from the air stripping 
towers are also estimated not to exceed action-specific AlURs for air emissions. 

Overall Protection of Human Health and the Environment 

This alternative is considered to provide adequate protection to downgradient groundwater 
receptors during the implementation phase. Once treatment is completed (i.e., action levels 
have been obtained), the risk to human health is considered to be the same as the risk 
associated with background levels that currently exist at the site. 

12.4.3 Alternative 3: Groundwater Collection, Pretreatment, and Offsite 
Treatment 

12.4.3. I Detailed Description 

This alternative consists of the same groundwater recovery and treatment system as 
Alternative 2. The contaminated groundwater will be pretreated by VOC volatilization by air 
stripping so that the effluent can be discharged to an IWTP, such as the Norfolk Naval Base 
Industrial IWTP, via truck transport. This alternative, therefore, eliminates the need for direct 
discharge to Willoughby Bay. The contamination would be treated over a 3- to 12-year 
period, depending on the groundwater extraction rates as calculated in ,4ppendix 0. This 
estimate can vary significantly due to factors such as volume and velocity of groundwater 
flow, extent and degree of contamination. 
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12.4.3.2 Detailed Analvsis 

Because this alternative consists of the same groundwater recovery system, volatilization of 
VOCs as Alternative 2, both short- and long-term effectiveness are comparable. The same 
reduction of mobility, toxicity, and volume is also achieved. This alternative will provide 
overall protection of human health and the environment and will comply with all AR4Rs for 
water quality. The major differences between the two alternatives are in the implemen.tation 
and cost, as discussed below. 

Imnlementabilitv 

The ability to implement, construct, and operate the groundwater recovery system and the 
VOC volatilization system is relativity easy, as discussed under Alternative 2. However, 
difficulties in obtaining approval for discharge to the IWTP may render this alternative 
invalid. The estimate flow rate of 330 gpm (or 475,200 gallons per day) may exceed existing 
capacity of the IWTP. 

,- 

The estimated capital cost of this alternative is approximately $446,475, the estimated annual 
O&M cost is $3 18,380, and an estimated periodic cost to perform the site review and public 
health evaluation every five years is $9,000. The present worth over 15 years is an estimated 
$5,936,299 based on a 5 percent discount rate. See Table Q-3 in Appendix Q for cost details. 

12.4.4 Alternative 4: CollectionlOnsite TreatmentlOnsite Discharge/In-Situ 
Treatment 

This alternative consists of the same groundwater recovery system (i.e., air stripping) as 
Alternative 2, but includes additional in-situ treatment by biological degradation to decrease 
remediation time. In addition to the recovery and treatment equipment outlined under 
Alternative 2, Alternative 4 will require installing and operating biologic nutrient and catalyst 
control units and infiltration gallery and manifolds as part of the design effort a Biofeasibility 
study would be required. All treated water will be discharged into the surficial aquifer so 
that no water discharge to Willoughby Bay or Elizabeth River will occur. 

12.4.4.1 Detailed Description 

The treatment system employed in Alternative 2 would be used; the extracted water is passed 
through an air stripper to remove the VOCs. Instead of direct discharge to Willoughby Bay, 
the treated water from the air stripper would be discharged into an onsite infiltration gallery to 
stimulate the biodegradation of the chlorinated solvents (i.e., TCE and PCE). The infiltration 
gallery consists of a 12-foot by 12-foot by 3-foot trench filled with gravel into which treated 
water is discharged. This gallery acts as a trickling filter designed to maximize the surface 
area of the water in contact with air for biological degradation purposes. The in-situ 
biological treatment relies on either a soils indigenous microbial population, or an introduced 
population to degrade the contaminants of interest. In either case, nutrients, catalysts, and 
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terminal electron acceptors may be added to the stream to promote degradation. The 
treatability study will qualify the exact environment needed to maximize degradation. The 
water would be discharged into the infiltration gallery through a manifold branching out into 
several pipes designed to maximize the gallery area usage thus maximizing the degradation of 
any existing compounds. Additionally, the microbial population would be allowed to 
penetrate into the most contaminated portion of the aquifer, forming a large subsurface 
bioreactor in the saturated zone. The infiltrated water will steepen the local hydraulic 
gradient, which will subsequently increase groundwater velocity toward the extraction wells. 
Increased groundwater velocity will decrease the total remediation timeframe. 

The placement of the extraction wells will be finalized during the design stage of the project. 
Additionally, a complete evaluation of the full extent of the plume and groundwater chemistry 
will need to be undertaken. The contamination would be treated over a 3- to 12-year period, 
depending on the groundwater extraction rates as calculated in Appendix 0. This estimate 
can vary significantly due to factors such as volume and velocity of groundwater flow, extent 
and degree of contamination. 

: 

12.4.4.2 Detailed Analvsis 

Short-Term Effectiveness 

No significant environmental impacts are to be expected during construction or 
implementation of this alternative. 

The groundwater remediation system described would result in some small-scale fugitive 
volatile organic emissions as a result of the air-stripping activities. Generally, the system 
would be installed using normal construction practices, drilling equipment, etc. A 
comprehensive site safety plan would be prepared prior to initiating construction. 

Remedial objectives would be achieved when contaminant levels were consistently below 
cleanup standards for the groundwater. Bioremediation, if successful, will accelerate 
groundwater VOC cleanup. 

Long-Term Effectiveness 

When this alternative is complete, VOC levels in the water are expected to be permanently 
reduced because biorestoration results in the destruction of contaminants. The air stripping 
and bioremedial systems could be discontinued once VOC action levels were attained. 
Because the materials will be destroyed or removed from the groundwater following system 
shut-down, only a groundwater monitoring program would be required to evaluate continuing 
potential hazards at the site. 
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Reduction of Toxicitv. Mobilitv. and Volume 

The biorestorative process irreversibly destroys contaminants rather than stabilizing them or 
I transferring them to another medium. VOC toxicity and volume will be permanently reduced. 

Imnlementabilitv 

The technical feasibility of constructing and installing air-stripping treatment presents no 
problems: the technology is well developed and readily available. Groundwater pumpand- 
treat is effective and frequently used. 

The technical feasibility of bioremediation is not yet fully determined. The piping, feed 
system, and discharge infiltration gallery systems are all easily installed; whether degradation 
occYurs as a result is not easily assessed until a biofeasibility study is completed. Preliminary 
indications suggest that the environment may be favorable for in-situ biodegradation, 
permeabilities at the site are fairly high, the aquifer is fairly homogeneous, the groundwater 
chemistry seems fairly normal, the sources are fairly well defined, and perhaps most 
importantly, some natural degradation may already be taking place in the groundwater. If the 
biofeasibility study suggests that biorestoration is unsuitable, alternative methods of 
remediation can be easily implemented. 

The administrative feasibility of the alternative depends on the acceptance by the Navy and 
regulatory agencies of the installation of the infiltration gallery at the site (i.e., what water 
quality is required to allow treated groundwater to be discharged) and whether all water 
discharged needs to be recovered. Both criteria can be incorporated into any final design, but 
it is likely to increase costs. Burying the extraction and recharge piping may allow some use 
of the site, but two considerations need to be addressed for this option: (1) the surface soils 
seem to harbor the majority of the contaminants, and (2) an increase in cost would result. 

The equipment and services needed to implement each step in the alternative are readiky 
available from a number of vendors. 

Estimated capital costs for this alternative are approximately $503,750. Monthly O&M: costs 
will be in the order of $136,260, but will be reduced significantly when the bioremediation 
system is no longer needed. The estimated periodic cost to perform site review and public 
health evaluation every five years is $9,000. The present worth over 15 years is an estimated 
$2,963,694 based on a 5 percent discount rate. See Table Q-4 in Appendix Q for cost details. 
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Compliance with ARARs 

This alternative is expected to meet all chemical-specific ARARs for the groundwater. 
Action-specific AlURs that may need to be negotiated include: the quality of water to be 
reinjected into the aquifer, whether all reinjected water needs to be reclaimed and air emission 
standards for the air-stripping tower. No location-specific ARARs are known to exist. 

Overall Protection of Human Health and the Environment 

This alternative is considered to provide adequate protection to downgradient groundwater 
receptors during the implementation phase. Once treatment is completed (i.e., action levels 
have been obtained), the risk to human health is considered to be the same as the risk 
associated with the current background levels. Biotreatment, if successful, will completely 
destroy contaminants and may continue to do so after surface treatment is completed, offering 
better protection of the environment. 

12.4.4.3 Detailed Anaivsis 
-- 

1. Short-Term Effectiveness 

No Significant environmental impacts are to be expected during construction or 
implementation of this alternative. 

The groundwater remediation system described would result in some small-scale fugitive 
volatile organic emissions as a result of the air-stripping activities. Generally, the system 
would be installed using normal construction practices, drilling equipment, etc. A 
comprehensive site safety plan would be prepared prior to initiating construction. 

Remedial objectives would be achieved when contaminant levels were consistently below 
cleanup standards for the groundwater. Bioremediation, if successful, will acceierate 
groundwater VOC cleanup. 

2. Permits 

The acquisition of permits for the location and construction of treatment system elements 
such as extraction wells, treatment vessels, and associated piping; if any such permits were 
required, will not be any more difficult than at other military facilities. The permit 
regulations for infiltration galleries are unknown. Current regulations are unclear as to exact 
requirements; therefore, obtaining permits to operate the injection gallery is anticipated to 
require significant effort. 

3. Compliance with ARARs 

The contaminant removal rate from this treatment system should reach operational 
equilibrium within a relatively short period of time after being activated. 
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12.4.5 Alternative 5: Air Sparging/Soii Vapor Extraction 

12.4.5.1 Detailed Descriotion 

Air sparging wells are used in conjunction with air extraction wells to remove VOCs from 
both groundwater and adjacent soils. Contaminant free air is forced into the saturated zone 
below the areas of contamination. The contaminants dissolved in the groundwater and 
adsorbed on the adjacent soils are then removed into the advective and convective air phase, 
effectively simulating an in situ air stripping system. The stripped contaminants are 
transported in the air phase to the vadose zone, within the radius of influence of the vapor 
extraction well. The air flow goes from the vapor extraction well to an air-water separator 
(vapor removal) and then through an activated carbon vessel where any remaining WCs will 
be removed before the air is vented to the atmosphere. The condensed water vapor removed 
by the air-water separator will be piped through an air stripper and an activated carbon vessel 
before it is discharged to a surface storm drain. Based on the “Soil Vapor Extraction/In-Situ 
Air Sparging Pilot test” conducted by Target Environmental Services, Inc. in June 1995. 

The radius of influences at the QADSY site were separated into two areas (HM and FP) 
from the AS/SVE pilot studies. The vacuum radius of influence at the HM and FP areas is 
70 feet and the AS radius is 25 feet. Eight AS wells and six SVE wells are required to 
effectively remediate the HM plume, and 75 AS wells and 33 SVE wells are required. for the 
FP plume. 

Due to system size, the number of AS/SVE wells would not be a viable alternative option. 
An alternative discussed with LANTDIV would position the AS and SVE wells on the 
downgradient edge of the plume paralleling the waterfront. This arrangement would provide 
a remediation zone prior to groundwater discharge to the Elizabeth River. The system at the 
FP would consist of approximately 22 AS wells and 13 SVE wells. A total of 30 AS and 19 
SVE wells would be required to effectively remediate the two existing plumes. 

12.4.5.2 Detailed Analvsis 

Short-Term Effectiveness 

The removal of VOCs will begin immediately after this system starts to operate. The 
complimentary application of air sparging/soil vapor extraction will result in the accelerated 
removal of VOCs contaminants from both subsurface soils and groundwater. This type of 
system will have a faster impact on the quality of the downgradient groundwater versus other 
slower remedial technologies (i.e., pump and treat) on the basis of published research 
information. 

Long-Term Effectiveness 

The VOCs RGOs will not be exceeded in the groundwater in the long run. This is mostly 
due to the fact that both the groundwater and the soil are being treated in this alternative. 
This will prevent any future leaching of VOCs from untreated soils into clean groundwater. 
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Reduction of Mobility. Toxicity. or Volume 

All VOCs from both the soil and groundwater will be removed and dissipated into the 
atmosphere. The toxicity of the contaminants in both the groundwater and adjacent soil will 
be reduced because of their removal. Any remaining VOCs discharged into the atmosphere 
by this treatment system will be extremely dilute and will break down through natural 
precesses such as photo-oxidation. The mobility of the contaminants will be reduced by their 
removal from both soil and groundwater. The volume of contaminated soil and groundwater 
will be reduced due to the simultaneous removal and treatment of both media. 

Imnlementabilitv 

The materials and services required for the implementation of this alternative are widely 
available. No serious technical difficulties are expected during the construction and 
operation phases of this system. 

Several activities are proposed for the remedial design phase: 
-- 

l Obtain soil boring samples to determine the presence, location, and concentration of 
contaminants in the soil. 

l Expand groundwater transport model (i.e., predict horizontal and vertical extent of 
the plume) 

l Conduct a small scale pilot test to develop design parameters for a full scale air 
sparging system. 

l Monitor underground contaminant concentrations. 

The acquisition of permits for the location and construction of treatment system elements 
(such as air injection wells, extraction wells, treatment vessels, and associated piping) if any 
such permits are required, will not be any more difficult than at other military facilities. 

The estimated cost for this alternative is approximately $1,254,219. The estimate annual 
O&M cost is $264,200 and an estimated periodic cost to perform the site review and public 
health evaluation every five years is $9,000. The present worth cost over 15 years is 
estimated to be $4,621,701 based on a 5 percent discount rate. See Table Q-5 in Appendix 
Q for cost details. 

Comnliance with ARARs 

The contaminant removal rate from this treatment system should reach operational 
equilibrium within a relatively short period of time after being activated. Groundwater 
concentrations are not expected to exceed chemical-specific ARARs once the treatment phase 
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is over due to the fact that both the soil and groundwater will have been remediated by this 
system. All treated groundwater from the air-water separator would be discharged into 
Willoughby Bay at levels below chemical-specific ARARs for all organic chemicals. 

This alternative will also meet the action-specific ARARs selected for surface water 
discharges, NPDES effluent standards and/or limitations. Emissions from the system air 
stripper and extraction well exhausts are also estimated not to exceed action-specific ARARs 
for air emissions. 

Overall Protection of Human Health and the Environment 

This alternative will adequately protect downgradient receptors during the implementation 
stage. The risk to human health will be no different from that associated with natural 
background levels that currently exist at the site. 

12.5 Comparative Analysis of Alternatives 

This section compares the five groundwater remediation alternatives. All alternatives are 
compared with respect to the seven evaluation criteria. Reasonable and relative variations 
within each criterion are discussed so that all alternatives are compared as a group. Final 
alternative selection is based on this comparative analysis. 

12.5.1 Short-Term Effectiveness 

All alternatives (Nos. 2, 3, 4, and 5) are more effective in reducing aquifer contamination 
than the no remedial action alternative. In alternatives 2, 3, and 4, this is because 
contaminated groundwater is extracted from the surficial aquifer, treated, and discharged by 
three different means: surface water, WTP, and infiltration gallery. Alternative 5 effectively 
treats the contamination from the groundwater prior to discharge to the atmosphere. 
However, the no-action alternative may be equally effective in reducing exposure to 
contaminants if current water and land use restrictions are maintained. 

Alternatives 2, 3, and 4 will have onsite emissions from air stripping and/or onsite discharge 
of treated water. Alternative 5 will have onsite emissions from vapor extractions. Alternative 
1 will not affect the current exposure to workers and the community because no contaminated 
groundwater extraction will occur. 

Alternative 4 will achieve remedial objectives quicker than Alternatives 2 and 3. The relative 
remedial rates cannot be determined until the completion of a Bioremediationibiological 
degradation/biological feasible study is conducted. 

Alternative 5 does not include extraction of groundwater and has the least likelihood of 
uncontrolled contaminant release. 

Alternative 1 will not meet the remedial response objectives over time. 
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12.5.2 Long-Term Effectiveness 

The alternatives, except the no-action alternative, remove contaminants from the site and do 
not leave any untreated waste or residuals that require managing to ensure an adequate level 
of protection. 

The no-action alternative will effectively reduce the potential for exposure to contaminants but 
will not eliminate exposure over the long term. This ahernative leaves the contaminants in 
place and requires management beyond the implementation phase. 

12.5.3 Reduction of Mobility, Toxicity, or Volume 

Alternative 4 will provide the greatest degree of contaminant destruction and therefore the 
greatest degree of mobility, toxicity, and volume reduction. Alternatives 2 and 3 will also 
provide a similar reduction. However, Alternative 4 provides a greater degree of volume and 
mobility reduction due to the additional in-situ treatment of the VOCs in the area influenced 
by the extraction wells. ij 

Alternatives 2, 3, and 4 provide hydraulic control of the Aquifer. 

Alternative 5, through the removal of contaminants, vapors and extraction of air will provide 
a quick reduction in contaminant volume and therefore provide control of mobility, toxicity, 
and volume of contaminated groundwater. 

Alternative 1 does not consist of any containment, collection, or treatment actions and will not 
reduce the mobility, toxicity, or volume of contaminants in the groundwater. 

12.5.4 Implementability 

All of the remediation alternatives for groundwater are technically feasible. Each alternative 
can be constructed and operated on reliable technologies that are both effective and proven. 
Alternatives 2, 3, and 4 involve standard extraction and wastewater treatment processes with 
monitored discharge or disposal. The exception is Alternative 4, infiltration gallery with 
microbial degradation. However, until a biological treatability study is performed, the actual 
degradation rate and system parameters are unknown. Further, the operational permit process 
for the infiltration gallery is not well defined. 

The no-action alternative for groundwater is easiest to implement because water and land use 
restrictions are already in place, and long-term groundwater monitoring and surface water 
runoff monitoring are easy to put in operation. 

Implementation of the remediation alternatives from an administrative standpoint is not 
estimated to be a major concern because the QADSY is on Navy property. It is also 
surrounded by Navy property so rights-of-way and easements should not be a problem. 
Permits from the Virginia regulatory agencies would be required for any air emissions from 
stripping towers. 
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F-k 
12.5.5 cost 

The present worth, capital, annual O&M, and periodic O&M costs for each alternative are 
presented in Table 12-3. Alternative 5 has the highest capital cost and the highest present 
worth. 

A sensitivity analysis was performed for each alternative. The sensitivity of the present worth 
cost estimate to the following variables was assessed for each alternative: 

l Discount rate (r = 3 and 10 percent) 
l Cleanup duration 
l Contaminated media volume 
l O&M cost 
l Replacement cost 

The results of the present worth cost sensitivity analyses are presented in Table 12-4 and 
discussed in the following paragraphs. 

The discount rate was varied for those alternatives that have cost components that occur over 
a period greater than one year. Alternative 1 is more sensitive to the discount rate than the 
other alternatives because the O&M costs are a larger percentage of the overall costs. 

The cleanup duration or time required to meet the remedial action objectives was varied for 
the alternatives. Cleanup was halved and doubled for Alternatives 2, 3, 4, and 5. The time 
period for Alternative 1 was not doubled because it is initially evaluated over a 30-year 
performance period. The alternatives present worth costs change by approximately 33 to 43 
percent when cleanup is cut in half, and by approximately 61 to 80 percent when doubled. 

The volume of contaminated groundwater impacts the present worth costs of Alternatives 2 3, 
4 and 5. The flow rates for the alternatives were reduced by half and doubled to determine 
the impact on present worth costs. Reducing the flow rate by half reduces the present worth 
value by approximately 29 to 44 percent. Doubling the flow rate similarly increases the 
present worth cost by approximately 57 to 87 percent. Both alternatives have similar 
sensitivity to a change in the groundwater flow rate. 

The O&M costs for each alternative with O&M cost components were adjusted up and down 
by 20 percent to demonstrate the impact on the present worth costs. The relative degree of 
sensitivity of the present worth cost to changes in O&M cost reflects the same relative 
sensitivity of present worth costs to changes in the discount rate because the discount rate 
applies only the O&M costs. 

The present worth costs were recalculated by considering the replacement of the capital 
expenditure items at half the performance period for those alterriatives that have performance 

F--- periods greater than-one year. These present worth costs are presented in the last line of 
Table 12-4. Alternative 5 demonstrates the greatest sensitivity to the replacement cost 
because the capital orpenditures are a greater portion of the alternative’s present worth cost. 
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12.56 Compliance with ARARs 

Alternatives 2, 3, 4, and 5 will all meet chemical-specific ARARs following completion of the 
treatment phase. Alternative 1, however, will not meet ARARs because no remediation of the 
contaminants will occur and VDEQ exceedances will still exist in the upper aquifer. Treated 
groundwater under Alternatives 2 and 5 will be discharged into Willoughby Bay at levels 
below chemical-specific ARARs. 

Action-specific ARARs will also be met by Alternatives 2, 3, 4, and 5. Alternatives 2, 3, and 
4 are not expected to exceed action-specific ARARs for air emissions from the air stripping 
towers. Alternative 5 is not expected to exceed action-specific AIURs for air emissions from 
the vapor extraction system. Alternatives 2 and 5 will meet ARARs for surface water 
discharges, and Alternative 4 should meet ARARs for treated groundwater infiltration. 

12.6.7 Overall Protection to Human Health and the Environment 

Alternatives 2, 3, 4, and 5 will provide adequate protection to human health and the 
environment following contaminated groundwater treatment. Once treatment is completed, the 
risk to human health will be the same as the risk associated with background levels that 
currently exist at the site. Contaminants will be completely destroyed, providing overall 
protection to the environment. ,_. . 

Alternative 1 will provide protection to human health by eliminating exposure to groundwater; 
however, the alternative will not be protective of the environment because contaminants will 
remain in place. 
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Table 12-l 

Remedial Technologies Retained for the QADSY Site 

GROUNDWATER 
No remedial action 
Groundwater use restrictions (already in place) 
Long-term groundwater monitoring 
Groundwater extraction 
Onsite treatment: 

Carbon adsorption 
Air stripping 

In-situ microbial degradation 
In-situ air spargingkoil vapor extraction 
Offsite treatment at wastewater treatment plant (WTP) 
Infiltration Gallery 
Direct discharge to Willoughby Bay 
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Table 12-2 

Remedial Alternatives Assembled for the QADSY Site 

MEDIUM 

GROUNDWATER 

ALTERNATIVE 
CATEGORY 

No action/ 
Institutional Controls 

Collection/ 
Onsite treatment/ 
Offsite Discharge 

Collection/ 
Offsite Treatment 

Collection/ 
Onsite Treatment/ 
In-situ Treatment/ 
Onsite Discharge 

Air spargingkoil vapor 
extraction 

ALT. 
NO. REMEDIAL TECI-lNOL0G.Y 

1 Long-term monitoring 
Water use restrictions 

2 Extraction wells 
Air stripping 
Discharge to Willoughby Bay 

3 Extraction wells 
Discharge to WTP 

4 Extraction wells 
Air stripping 
Infiltration gallery ’ 
Microbial degradation 

5 Air sparging wells 
Vapor extraction wells 
Carbon Adsorption 
Discharge to atmosphere 
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Table 12-3 

Present Worth Cost for Remedial Alternatives at the QADSY 

:AL-l’E@ATIVE 
PRESENT’ CAPiTAL ANNUAL 
WORTH COST O&k% 

PERIODIC 
O&M 

GROUNDWATER 

1. No Remedial Action/Long-Term 
Monitoring 

$884,195 $34,99 1 $28,500 $9,000 

2. Groundwater Extraction, Onsite 
Treatment, and Discharge to Storm 
Drain 

$2,902,236 $4 11,475 $136,260 
$9,000 

3. Groundwater Extraction, VOC 
Pretreatment, and Discharge to 
IWTP 

4. Groundwater Extraction, 
Treatment, Infiltration, and 
Biologic Treatment 

$5,936,299 $411,475 $318,380 
$9,000 

- 

$2,963,694 $503,750 $136,260 
$9,000 

5. Air spargingkoil vapor extraction $4,621,701 %1,254,219 $264,200 $9,000 

,“@--.. 

Note: Costa are rounded off to the nearest $100 
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Table 12-4 

Sensitivity of the Present Worth Costs to Different Factors for Remedial 
Alternatives at the QADSY 
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. =Sanple detection limit is 125 u~/i uslng a 1~12.5 dilution. 02 = SECOND RCRJND - AUG. 29, l9B4 

03 = YHIRD RWND - APR. 14, 19Bb 

04 = FCWRfn ROUND - JUN. 25, 1966 



SOIL ANAlYllCAL AESULlS - ORCAHlCS 

fIRST ROUND SArIPLlNG EVENT 

0 DRUH STORIGE YARD (SITE 3, 

I I ass-05 

1 

035-06 
.--.-...-...... _ -....... i..... 

035-07 
lDErECllcwl-.-.-..---.-.-..-------.. _.......-.._....... ;.* . . . . . . "'T:P" . . . . . . . ..I 

VOLAIllE ORGANICS 1 1rntt I (O-1') (l-2') (2-S') 1 (O-1') (l-2') (2-JS,I CO*l@i (l-2') (2-3,,1 (0-l') (1.2') (2.3',I 
. . . . . . . . . . . . . . . ..---.....-.-.... J . . . . . . ..- I--... * -.....-*-.-...- :-.-I -..._ * _._..._........_.. I.* .._..._......._....... I.- . . .._....._._. _...-.. 1 

HEIHYLENE CHIORIDE 

TRAMS-~,~~DlCHlOROElHYlENE 

~,~,~~IAICHLOROE~HANE 

IRICHtOROElHYlENE 

ACID EXIRACIABLE ORGANICS 
. . .._.-..-....-._.-.-...._ 

PHENOL 

2.4.DIHElnYlPHENOl 

BASE-NEUIRAL 

EXrRACtR8lE ORGANICS 

. . . . . . . . . . . . . ..-........... 

i,4~DlCHlOROBfHlENE 

R~WltROSOl)l-W~PROPYLAHINE 

l,~,~~~RlCHtOROBE~ZfHE 

ACENAPnlHENE 

2,4-DINIIROIOLUENE 

PHENANTHRENE 

Dl-I-BUTYLPHIHALAIE 

FLUORAHIIIENE 

PYRENE 

BCN2O~AMNIllRACENE 

CHRYSENE 

PESIICIDES/PCfI'S 

_._ 

. . . . 

1 10 1 BDl 

1 10 1 SD1 

1 10 1 801 

1 10 1 ED1 

I I 
I 

..v -...wem.m v-e.-. I 
1 $00 1 801 

1 SO0 1 BDL 

I I 

I I I _. _.-.._... I._..... I 
1 200 1 BDL 

1 too 1 BOl 

1 200 1 BDL 

1 200 1 601 

1 200 1 ED1 

1 200 1 600 

1 200 1 601 

1 200 1 700 

1 200 1 520 

1 200 1 260 

1 200 1 260 

801 BOL I 601 a01 801 

Bbl BDL 1 1100 180 16 
ED1 801 1 27 801 801 

’ 601 801 1 7000 3600 1100 

I 

. . .._ 

001 

801 

BDL 

ED1 

ED1 

BDL 

BDL 

801 

8DL 

BDl 

BDL 

27 801 BDL 1 12 001 

II3 Bbl ED1 1 801 ED1 

ED1 BDL 801 1 801 801 

BDL ED1 BDL 1 IJO1 BDL 

ED1 1 3400 

801 1 720 

I 
I 
I 

. . . . . . . . I . . . . . . . . 
ED1 1 601 

801 1 BDL 

ED1 1 BDL 

801 I 801 

BDl 1 BDL 

BDL 1 BDL 

601 1 BDL 

801 1 BDL 

ED1 1 ED1 

801 1 ED1 

EDL 1 ED1 

2200 
001 

. ..m . .._ 

BDL 

BDL 

ED1 

BDL 

BDL 

IIDL 

BDL 

RDL 

BDL 

ED1 

BDL 

801 1 ED1 601 801 1 601 

801 1 &I300 801 801 1 BDl 

I I 
I I 
I I . . . . . . . I...‘...~ ._......__....... I....... ‘. 

BDL 1 RDL EOL 601 1 2000 
8DI. 1 ED1 801 BDl 1 10000 
IJDL 1 ED1 801 ED1 1 2000 

BDL 1 BDL 801 601 1 2000 

BDL 1 ED1 801 BDL 1 1800 

380 1 BDl IIDL 801 1 801 

BDL 1 801 ED1 BDL 1 2000 
BDL 1 ED1 BDL RDl 1 ED1 

BDL 1 BDL BDL II01 1 1800 

BDL 1 ED1 ED1 ED1 1 801 

BDL 1 BDL 001 BDL 1 IIDL 

I I 
I I 

ED1 

6Dl 

. . 

ED1 

BDL 

ED1 

’ BDL 

BDL 

601 

601 

801 

601 

ED1 

ED1 

ED1 I 
ED1 1 

BDL 1 

BDl 1 

I 

I 
801 1 

BDL 1 

ED1 I 

BDL 1 

ED1 1 

ED1 1 

801 1 

BDL 1 

ml I 

BDL 1 

l BDL 1 

. . . . . . . . . . . ..-.~_-..-.--..-...-. e . . . . . . *. 

4,&S-DDI 

i,C'-DDE 

b,4'-DOD 
ENDDSUL FAN SULfAlE 1 2.0 1 BDL BDl 801 1 ID1 BDL 8Dll BDL 801 801 1 801 21 BOO 1 

.l AESllllS ARE IN IWLQ; SAHPLPS MRE IMEN IN DECEHOER, ?OO' 



IABLE 6-7 

SOIL AHALYYICAL RESUIIS - INORCANICS 

fIRSI ROUND SAflPlING EVENT 

0 DRUn STORAGE YARD (SilE I, 

I I .----.-..---.-.~-.-..-----.-.........-.....-.----~~~~.~...-~.-....~.~.......~....~..........................-.- I 
03s.07 

lHORtANlCS .* ._..._..._...._ . . ..f . . . . . . . . ..?.08 

PRIORITI POllUIANIS I 1 (0-l') (l-2') (2.3') I (0-l') (l-2') (2-3') j (0.1') 
. . . . . . . . . . . . . . ..-................... I......... 1 . . . . . . . . . . . . . . . . . ..I....._. I........_....... _-_.__ . . . . . I....-.-. 

(1.2') (2.1'1 I (0.1') 
. . . . -... ..( 

AHI IltONY, IOlAL 1 0.05 1 601 

ARSCHIC, IOTA1 1 0.05 1 23 
EERYILIUH, IOIAL 1 0.02 1 Ilo1 

CADtiiUn, IOIAL 1 0.02 1 2 
ttlRMllJ~I(, TOTAL I 0.10 I 16.00 

COPPER, IOIAL 1 0.10 I 5.10 

LEAD, IOIAL 1 0.20 1 28.00 

HERCuRt, TOIN 1 0.0002 1 0.08 

NICKEL, lOIlL 1 0.10 1 5.10 

SEIEHIUtl, I0IAl 1 0.05 1 601 

SIIVER, IOlAL I 0.06 1 ED1 

ltIAl1 IUH, IDIAL 1 0.05 1 22 

ZINC, IOIAL I 0.02 1 53.00 

lm 

ED1 

801 

1.4 

10.00 

5.60 

SC 

0.14 

3.30 

601 

801 

2 

42.00 

BDL I 601 

14 I 21 

801 1 BDL 

1.2 I 1 
11.00 1 20.00 

I.2 1 5.20 

7.6 1 23.00 
0.06 1 0.03 

2.4 1 b.20 

001 1 801 

801 1 1 

12 1 16 

11.00 1 28.00 

BDL 801 1 

5.3 8.‘ , I 
801 . BDL I 

0.5 0.6 1 

v.ro a.40 1 

0.50 0.60 1 

8.30 5.40 1 

0.06 0.08 1 

1.40 1.20 1 

BOL $01 1 

BDL 0.30 1 

2.80 2.50 1 

9.70 9.10 1 

801 

6.5 

801 

1.3 

12 

c.7 

32 

0.11 

5.1 

BDL 

BDL 

2 

JO 

. . . . . . . . i .*...... 

801 BDL i 

14 C.? 1 

BDL ED1 I 

0.5 1.3 1 

6.4 12 I 
2 I.3 1 

13 ‘3 I 
0.24 0.03 1 
1.5 1.7 I 

601 601 1 

001 BDL 1 

6 2 I 
12 11 I 

BDl 

32 

llD1 

1 

I? 

11 

21 
0.03 

22 

LID1 

001 

21 

JO 

(1.2') 
. . . . . 

II01 

6.2 

lwl 

1 

16 

1.e 

9.2 
0.025 

1.8 

801 

BDI 

9 

IS 

I 
. . I 

(2-3') 1 
_.._... I II01 1 

21 I 
I.101 1 

1 I 
a.4 1 

1.9 I 

7 I 
O.ObS 1 

2.6 1 

601 1 

BDI 1 

6.6 1 

‘O I 

Note: AJJ values taken in US/S. 



IABL. d 

SOIL ANALrllCAL RESULIS 

IHIRD RUJND SAMPLING EVEN1 

0 DRlJH STORAGE AREA (SlfE 3, 

1 DfS-09 (03%9111 US- 10 m-11 035-12 OS- 13 
DE~EC~~ONI...........-~......~.................. 

I- 
..---..........--; _ _ . _ ..--..*.__ -..; . ..___ . . . . ..__.... ~.....Z:If . . . . . . f . . . . “?:I? .-. 

VOLATILE ORCANICS 
. ..-.. . . . . . ..I.. 

1 LlHll ~~0-1’~~1-2’~~~0-1’~~~0-1’~~~~2’~~2~5’~~~0-1’~~1-2’~(2-3’~~~0-1’~~1~2~~~2~3~~~~0~1~)(~~2~)(2~3’)~(0~~~)(1~2~~~2~3~~~~0~~~~~1-2~~~2~~‘~~ 
1 . . . . . . 1 . . . . . .._ 1 . . . . 1 . . . . . . . . . . . . 1 _... . . . . . . . . 1 ..*. ._._ .._. 1 ._.. ._.. .-.-I .__. . . . . ..-. 1 . . ..- . . 1 

tlf~llllfNf CHLORIDE 1 10 1 801 BDL 1 BDL 1 BDL BDL 10 I BDL II’ aoi 1 aoL aoL BDL 1 BDL aDL BDL 1 16 14 15 I I4 IID1 ‘I I 
I 

I 

I I I I I I I I 
BASE-NtlJlRAL EWIRACIALILES I I I I I I . . . . . .._........ I . . . . . . . I . . . . . . . . 1 . . . . I.... . . . . ..-. I_._. _*.. .-..I _._. ._.. *...I..-- . . . . ; 
8UIYlBEN2YLPHIHALAIE~ 330 1 RDL BDL 1 BDL 1 BDL aoL BDL 1 601 510 aDL 1 BDL 801 aDL I aDL aoL 

-Bo; 1 .801 . . . . . ..- ; 
801 am I RDL EOL BDl 1 

I I I I I I I I I 
ACID tXIRAC1ABLES - ALL BELCM DElECllON LlHll 1 I I I I I i 
SPECIAL ANALYSIS 1 f 

I 
I I 

I I I 
I I 1 I I I . . . . . . . . . . . . . . . . I...-...I-*-. .._. I-... I.... . . . . .--.I --.. . . . . ._._ 1 . . . . _... . . . . I.... _... . . . . 1 . . . . . . . . I---. .-.. -.. 1 

liElttYlElttYlKE1ONE 1 10 1 BDL EDL 1 EDL 1 BDL BDL 8DL I BDL 801 BDL 1 BDL aDL am I BDL BDL BDL 1 EOL BDL BDL I ODL BDL 801 1 

HEWi ISOLWTY~KEIONE 1 10 1 BDL BDL 1 BDL 1 801 BDL ED1 1 801 ED1 ED1 1 BDL BDL BDL 1 BDL BDL EDL 1 BDL BDL EDL 1 BDL BDL BDL 1 

m-XrtENE 1 10 1 BDL EDL 1 BDL 1 BDL RDL BDL 1 BDL BDL EDL 1 BDL BDL EDL 1 flDL BDL BDL 1 BDL BDL BDL 1 801 BDL aI31 1 

O,p*XYLENE 1 10 I BDL BDL 1 BDL 1 801 RDL EDL 1 BDL BDL BDL 1 BDL BDL EDL 1 BDL BDL BDL 1 BDL BDL BDL 1 BDL BO1 801 1 

011 t CREASE 1 25 1 140 300 1 BDL 1 BDl 801 EDL 1 BDL BDL BDL 1 BDL RDL BDL 1 140 801 BDL 1 BDL 801 801 1 BOI BDL BDI 1 

I I I I I I I I I I 
E.P. lOXICIlY ong/l,l I I I I I I I I I 
. . . . ..*......-...... I I I I I I I I I I 
CADnluti I 0.01 1 BDL **- I --* I 0.01 ... ... 1 0.01 -a- . . . Io.0, ._. _.. 1 fJ(JL ._. ..- IO.01 ... .‘. 1 O.OB I 
CHRMIIM 1 0.05 1 ~)DL . . . 1 .._ 1 ~(JL . . . . 1 60~ . . . --. 1 @DL -.. . . . 1 801 -.- .-- 1 B(JL . . . ... 1 BDI -. 1 

I I ,I 1 I I I I I I 

NOIES; All concentrations are In mg/kg. s 

l = Caqxux-4 uas also detected in the blank at a concentration greater than l/2 

the sample concentration and l/2 the detection limit. 

.- No analysis conducted. 



TABLE 6-9 

NAVY SOIL ANALYTICAL RESULTS 
APRIL 28, 1986 

Q DIWM STORAGE YARD (SITE 3) 

I ----------^---L-----L___________________--------------------------------------------------------------- I 

I 
I I SAMPLE LOCATION I ~DETECTION~-------------------------------------------------------------------------------~ 

IPARAMETER 
I ,,__,,,,,_,,_!__"ffI'T__l____f____l____"----!----~----!----~----!----~----!----~----!----~----!----!----' I 
i 
IA rscnic 
lBarium 
1 Cadmium 
/Chromium 
I Lead 
1 Mercury 
jSelenium 
/Silver 
I I 
IPi1 I 
IOil & Grease 1 
I TOX I 
I I 
IEPTOXPb 1 

I I 
5 138 1 

20 i <20 i 
0.5 1 go.5 1 
1 I 4.0 I 

I 

0.1 I 0% 
I 

2.5 1 c2.5 1 
1 I <1 I 

I I 
I 7.3 I 
I 6,785 1 

100 I 120 I 
I I 

60 I <60 1 
1 I I 

I 
11 

I 

<20 I 
co.5 1 

1.8 I 
14 I 

to.1 1 
x2.5 1 

<t 
I 

I 
I 

2:*:00 1 
l&l I 

I 

~60 1 
I 

I 

5 I 
<20 1 

co.5 1 
<I 
40 I 

to.1 I 
x2.5 1 

Cl I 
lb 
I 

1i;;oo 1 
190 I 

I 
<60 1 

I 

I 
5 I 

<20 1 
co.5 1 

<l I 
42 I 

0.22 1 
~2.5 1 

(1 I 

I 
1i;ioo I* 
cl00 I 

I 
<60 1 

I 

I 

<ii 

<20 I 

I <5 
<20 I 

co.5 i co.5 i 
2.7 1 2.3 ( 
20 i 

x0.1 I 
c2.5 1 
<l I 

I 

I 
5:;;oo 1 

140 I 
I 

~60 1 
I 

26 i to.1 1 
c2.5 I 

(1 
I 

I 
I 

5:;:oo 1 
715 I 

I 

~60 1 
I 

10 
<20 1 

<0.5 1 
1.5 1 
34 I 

co.1 1 
c2.5 I 

(1 
I 

I 
7.8 I 

30,000 1 
135 I 

I 

<60 I 
i 

12 
<20 1 

CO.5 I 
<l I 

7 I 
do.1 1 
<2x 1 

<1 I 
I 

u.l 1 
4,120 1 

<loo I 
I 

~60 I 
! 

I --------------------------------------------------------------*---------*----------------------------- I 

flote; All detection limits in mg/kg except EP TOX Pb which is in ug/l. 1 
FIGURE 6-2 indicates approximate locations of NAVY soil samples. . * 



APPENDIX B 

SITE PHOTOGRAPHS 



TYPPCAE DRUM STORAGE AT QADSY (NOTE SOIL STAINING) DAMAGED DRUM STORAGE AT QADSY 



EQUIPMENT ?)ECONTAMINATION STATION 



RUMRHNG WELT+ INCLUDING DISCHARGE LINE AND 
PRESSURE TRANSDUCER, DURING PUMP TEST 

TANKER TRUCK USED TO CONTAIN DISCHARGE 
WATER DURING PUMP TEST 

DATA LOGGER USED TO COLLECT PUMP TEST RESULTS 



PRESSIJRE ‘TRANSDIJCER IN OBSERVATION 
__.__..^ -_.. _- --^ 

T 
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1 BORING LOG SHEET 
I PAGE I OF 1 -' 

' PROJECT NO: 4W50 FILE NO:CM loo BORING NO: 31-2 PROJECT NME: 0 fvea 

IATE BEWN: N/R CHTE FINISHED: :0/L/90 FlELD GEOLOGIST: 1. Scrobocz 

IRILLER: S Ulrrch NORTH: -3714li.51 - EAST: 3633850.52 

;RCUNO SURFACE ELEV: XI.5 feer UJL DATUTItlE: ;/1!393 6LL DEPTH: 7 18 feet TN 

IRILLING METHOD: 6-l/4" ID HOLLWWl PIIGER DRILL EOUIP: N/h GWL EOIJIP: ORS 

I [ 

L: 

E 

_ CliECKED BY: N/A CONTRACTOR: Hard m-t!lbe 

7-T-r 

r - 

T 

-i 

p 1 

OESCRIPTION 

JLATILE 
1GANIC 
VAPORS 
(PP*l 

REtlARKS 

- 

IO 
- 

P: 

f 

ID /am!-!- ;ss1 ‘32-19 
St! 

Stl 

3 

0 

0 

1.2 

0 

I 

ssz ‘16-14 

ifl 

i 

llull -yj- 1 
i 4 

SS6 

l5.m * 

BoWon OF ho I e . 25 ’ 

,3.m 



BORING LOG SHEET 

PROJECT NO: 2:f?l150 FILE HO:C%3 lco BORING NO: +3 
PAGE ;LOF 1 

PROJECT NAME: 0 ho 
DATE BEMN: a.;/~ DATE FIKLSHED: ?.'29/90 FIELD GEOLOGIST: 1. Scmtmz 

DRILLER: S lilr~ch NORTH: :3?1347 46 - EMT: 3693861.36 

GROUND SURFACE ELEY: L3.5 feer GUL DATVTItlE: 1/19/93 6U DEPTH: ? Y7 reet TOC 

DRILLING fiETHO0: 6-l/4” I[1 HOLLO!WEil AUGER MLL EOUIP: Y/h GUL EOUZP: ORS 

CONTRACTOR: krdtn-thher CHECKED BY: N/A 
l- 

/ / OLATILE 
RGANIC 
YWORS 
(PPm) 

:LEv [XPTH ~~tf’L~ SPT REC ’ 0 
i I IT) m TTPE, Eias m F 

,ANl h3 PER i DESCRIPTION ! 

(0.5’1 1 t 
E 

I 
! E 

--+@ SSl / 2-Z j 4 L-+2 SILTY X0 ‘el lowbrow Smd w 1 tj7 

ID.0 

f.0 

00 

50 

!O II 

! -.., I I ! / ,,*z 51 it; zell fmnents; ;10Ist 
I 

XII 

- .., 

]m ,, j’ SANl: key sand; wt. 

Stl 

SP 

ID 
- 

0 

- 

II0 

REtlfWS 

e0ttm of hole l 25’ 



/ 

! F 
E 

[ 

( 

I 

I I 

BORING LOG SHEET 
PAGE IOF i 

-. 'RDJECT NO: 4921150 FILE NO:aSW4 loo BORING NO: 3-4 PROJECT NAflE: 0 ho 

IATE BEfjAN: N/A DATE FINISHED: ?!26/9! FIELD GEOLOGIST: 1. Sdm 

IRILLER: S Uir~ch NORTH: ..37lZE!3 66 . EAST: X33807.66 

;RUJNO SURFACE ELEY: 2.0 feet WL DATVTItlE: A/19/93 6K. DEPTH: 6.92 feet TCC 

IRILLING flETHOD: 6-l/4" ID HOLLOkSTEH PUGER DRILL EOUIP: N/h GWL EOUIP: 3% 

CONTRACTOR: Hordm-tilher 
/ - 

:R OESCRIPTION 

/SS6 1 3-3 

CHECKEI3 BY: N/A 
1 

OLATILE 
RGANIC 
VAPORS 
[PPml 

REtlARKS 
J 

i 

- 

Stl 

ID 

0 

cotton Of hole 0 25’ 



BORING LOG SHEET 
,- : 

; PROJECT NO: 4921150 FILE NO:OSU5 Ice BORING NO: 31-5 

PAGE L-OF 1 

PROJECT NMlE: 0 kea 

,/+-. 

DATE BEGAN: N/h DATE FINISHED: 3/25/'3 FIELD GEOLOGIST 

DRILLER: S Ulrlch NORTH: X1253.30 - EAST: 

GRUJNO SURFACE ELEV: LO.5 fEf?T UJL DATVTItlE: i/19/93 6lL DEPTH: 

URILLING /lETHDD: 6-i/4” ID HOLLOW-STEH WGER Cf?ILL EOUIP: N/h GUL EDUIP: 

CONTRACTOR: Hardin-Hher 

IPj 
/ R 

CLEY kfPTH SAnPLE SPT KC 0 
ml 1 (FTl ;J\o gs m F 

(0.5'1 
E 

OESCRIPTION 

fl.m 

1 , 

563 

ss4 

.-” 

P=P 

:I - ‘4 :’ -.. 
1 .z.; I+1 .-.. . 3 .A. -.. ‘..L, . -.. 

EzBi 

585 3-3 LB ..+. - . . ‘.. - . - . . - . i.. 

‘.‘. 
: :. :. 

- "1' CLAY, Elact clay; plastic; uet. 

SANl- 3lack sana; ket 
ps7 j 2-2 18 

-23.m ’ ! 

: H. Scrobocz 

3693690.65 

5.3 feet KC 

ORS 

CHECKED BY: N/A 
+ l- 

ILATILE 
lGANIC 
rAPORS 
:pplld 

REtlARKS 

Bottom OF hole * 25’ 



; BORING LOG SHEET 
I 

PROJECT NO: %1150 FILE NO:@36 loa BORING NO: Y-6 

PAGE L-OF L- 

PROJECT NME: 0 Thea 

DATE BEGAN: N/A OATE FINISHED: ?!28/90 FIELD GEOLOGIST: H. Scrobacz 

DRILLER: S Ulr~cn NORTH: 1071344 78 -EAST: 36'33788.00 

GROUNO SURFACE ELEV: 2.7 feet WL DATVTIHE: ;/19/'33 6tL DEPTH: 7.33 feet TE 

DRILLING ilETHO0: 6-i/4” IO HOLLOW-STEH WGER GRILL EOUIP: Wft GWL EOUIP: iRS 

/ CONTRACTOR: Hard m-tither 
I' ' "' I I IPI 

30 

0.0 

5.1: 

Il.1 

I 
EPTH SAnPLE ’ ;Ls 
[FTI TyPE OESCRIPTION 

ANI NO PER 
(0.5’1 

/ E 
100 :ssl ; s-6 : 13 ‘&+ 

issz - + slit; znell fragments; ;Ioist illBi/ ) 6 $ SrLTY SANo: ~e’~acrorown sma 141ih 

I I-. ..- 
/ 4 -.. -. 

EFE 
ss3 ~a-0 LB 1.. 

I+ 
- . . . . . 3 .-. 

ss4 

sss 

Y’.‘.’ ‘_‘_’ ::: .‘,’ ‘.‘,’ 

BJ 
:: 

557 i-1 I 18 I 

Stl 

MECKEIJ BY: WA 

REHfWKS 

- 
Bottom of hole l 2s’ 



BORING LOG SHEET ,F-- I ' / PAGE i, OF 1 
ORDJECT NO: 4921150 FILE NO:GS!!? /cc1 BORING NO: 511-7 PROJECT NiVlE: 0 Preo 
DATE BEGPIN: N/A DATE FINISHEU: lW3l FIELD GEOLOGIST: H Scrobm 

DRILLER: S lJlrtch NORTH: i3?L?z?. :5 - EAST: 3693771.24 

GROUND SURFACE ELEY: 11.2 fern UJL DAfVTItlE: i/19/%3 6lL DEPTH: 5.76 Feet TCC 

DRILLING l?ETHOO: 6-i/4" ID HOLLCkSTM WGER Kill EQUIP: WA GWL EDUIP: Of6 

: 

‘I 

CONTRACTOR: Hardm-Htber 

DESCRIPTION 

i.m 

SS6 

i= 

I 

CHECKEt 
=r 

V 
C 
'OLATILE 
IAGANIC 
VAPORS 
(PPm) 

sn 

‘IO 

0 

'ID 

3‘1: N/A . 

REtttWKS 

Bottom of hole ’ 25’ 



BORING LOG SHEET 
PAGE L-OF l-- 

IDJECT NO: 4921150 FILE NO:CS!8 ICCI BORING NO: 51-8 PROJECT NMlE: II h-a 

\TE BEGAN: N/h DATE FINISHED: -0/1/9l FIELD GEOLOGIST: n. Scdmz 

IILLER: S Lllrlch NORTH: 1171480 32 - EMT : 3643914.74 

WND SURFACE ELEY: 13 0 feet WL DATVTItlE: i/19/@ 6LL DEPTH: 7.38 feet TX 

IILLING HETHOO: 6-t/4" ID HOLLOU-STEil PllJGER DRILL EOUIP: N/h GUL EOUIP: ORS 

INTRACTOR: Hardmi-lLher 

f Y 

- 

ui.0 

30 

0.c 

51 

ltl. 

-5. 

-1 

I 

-1 

I 

0 

DESCRIPTION 

i t I 
m 

’ I 
/SSl is-38 j ~8 iv ---i-z SILTY SAN0 Yeiloworown Smd wirn 

I 
zneil Froanents; 301s.t 

al 

s.m 

key and biueqreen clay; 
ss7 2-3 LB I 

~3.W 
\- orpmc; plastic 

CHECKElI BY: N/A 

REtlARKS 

Bottom of hole * 25’ 



BORING LOG SHEET 
PAGE L,ff L 

WOJECT NO: “921158 FILE NO: COW5 loo BORING NO: 3-9 PROJECT NAtlE:: 0 Area 

-E BEGAN: l/6/92 DATE i=INISHEU : :.5/93 FTELU GEOLO6123T: A Forrest 

,.\iLLER: C keen NORTH : ^I31746 xi EASI : 3693547.26 
1 
~ GROUNO SURFACE ELEY: 3 5 fee1 GW_ DATE/TIME : :.‘l?/93 6UL DEPTH : 7 18 Feet TOC 

ORILLING PETHOD: "-1/Z" IO HOLLOU-STUI AUGER ORILL EOUIP: kker GUL klIP: OfIS 

= 

J 
z . 
: 

CONTRACTOR : Groundwater Svstems. Inc. 

ELE” jCEPT” %f’PLf 
(FT) I iFi A$p\O 

I 

OESCRIPTIZN 

2lECKEO 

k%k’ 
VAPORS 
[PPml 

t - 
V 
Cl 

REMARKS 

I 

1 P: 
- 3 al 

I I I I 
ASPHPLI/EASE ZOCK. 

iieddlsh brow sona with slit: 100 i 
0 

0 

0 

a 

0 

0 

0 

91’1 

r/e 

6F 

c/c 

81 

-5 m 
no*.* 

: , _. 
I 

j 

37 4 = 

I 
;-.’ 

J Un3O?wCk km. iQO3e. 
sue-anau 1 ared. 

- . 

SHELLY SANO: Eiraan gray gana 
and zheil Fraqmcnt3; fine to cooroe. 
3uborxylorcd. un3wted; 

I - 00 f-=-y 
net, mctilum oeme 

15.00 

- -. .- =. - . - 

unsorted; 

3.m 

SANO: 
I 

I 

Eironn Andy Qray sand u I zh 
I I ttle ~JI It and c oy, trace or she1 I Fragment9 
fine warned, 91 lghtly plostlc, 
net, Ged!um dense. 

35.00 
I I. 

BOTTM OF BORING AT 35.0’ 



BORING LOG SHEET 
PAGE Lff L 

PROJECT NO: 4921150 FILE NO:OSWlO loa BORING NO: 9-10 PROJECT NAtlEt 0 Area 

'E BEGAN: l/7/92 OATE FINISHED: L/7/93 FIELD GEOLOGIST: A Forrest 

_ ,,LLER: 0 keen NORTH : 1071434 39 EAST : 3693497.91 

3KUlJNO SURTfXE ELEV: 8.5 Feet GUL DATE/TIME L/19/93 SIJL DEPTH : 6.57 Feet Tot 

IRILLING tlETHOD: 4-i/2” ID HOLLOU-STE!l AUGER ORXLL EOLIXP: Acker GUL EOUIP: OR.9 

r 
c 

?! 

, 

I- 

I 

10 0 

E 

I 

oc 

50 

IO II 

15.0 

al.0 

70 

I 
i 

VWTtlR : Grounanorer SvsTems. Ir 

1.m ;p 

m I I I ; 1. 

am 

IS.00 

am 

a.00 

-a.m 

35.a 

I / 
4 I i. 

4mi I I I 

DESCRIPTION 

ASPH&T/BASE ROCK. 

SAND: ReddIsh brown sand ~8th 
shell Fragments, tract grovel: 
fine to coarse gralned. wb-ongulored, 
unsorted. uet, %ed 1 urn dense. 

SHELLY SAND. alrve-brown son0 
truce gravel, Fine to coarse. sub-angulared, 
uneorted. weT, loose 

SAND: Brow gray sond ond shell frogmante; 
Fine to course, subongulored. unsorted; 
net, medrum dense. 

’ CLAYM SILT. Light gray sttt utth cloy 
ailghtly plastic. wt. mcdaum dense. 

ShNO: Brown groy aondi fine to coorx 
suboqu I ored, unsorted; net, medtum dense. 

BOTTUl OF BORING AT 35.0’ 

I 

-ID 
- 

0 

0 

3 

0 

0 

, 

J 

a 

c 

- - 

ZHECKEE 

‘OLATILE 
IRGANIC 
VAPORS 

[PPm) - 

10 
- 

0 

0 

0 

0 

0 

0 

0 



BORING LOG SHEET 

PROJECT NO: “OEXO FILE NO :CXL. 10 BORING NO: X-1 
- ’ ‘E BEG&N : N/A OATE FINISHED : :0/Z/00 

PAGE L-OF J.-- 
PROJECT. NAtlE: 0 Area 

FIELD GEOLOSIST: n. Scrohm 

‘? 

.LLER: s illrIm NORTH : :371413 61 En81 : 3693848.06 
GROUND SURFfXE ELEV: 12.7 r,et GCL DATE/TINE : l/l’?/93 6UL DEPTH : 8.12 Feet TOC 
ORILLING tlETHOD: E-1/4” IO HOLLOU-STEW WGEF: DRILL EIJUIP: ‘i/n GUL EUUIP: OR9 
CONTRfWTOR : Pordfn-duber MECKEC BY: N/h 

/ - - 

10 0 

- so 

I + !OO 

1 

1 
1. 
! 

I 

i_ 

I- 

5lESCRIPT1ON 

20.M 

a.m 
SILTY SAND: Tel lowbraun sand ulth 61 it; 
Jhel I Fragments. 

BP 

en 

B” 

sn 

en 

fOLI 
IRGI 
VAI 
(Pi 

-10 

48 

10 

30 

98 

10 

20 

10 

ea 

0 

ZLCE 
RS 
1 
- 
‘ID 

REMARKS 



/ BORING LOG SHEET 
PBGE -OF - .I 

I PROJECT NO: N/A FILE NO:00UZ.Ioq BORING NO: OW-2 PROJECT NAM: 0 Area 

--TE BEGf+N:N/A DATE TINIGHED: =!/27/90 FXELD GEOLOGIST: fl ScmfmCz 

.LLER: S Ulrtch NORTH : 1071481 84 EAST : 3693912.51 

GKKJNO SURFMX ELEV: 12.9 Fees GLL DAlE/TI?lE : i/19/93 SUL DEPTH: 8.11 feet TOC 

OAlLLING lIETHOU: 6-114” IO HSA DRILL EULXIP: N/A GUL EOUIP: ORs 

w 

10.0 

50 
I 

00 

5.c 

10 0 

15.0 

Zfl.C 

25s 

I 

3.l 

i 

IPlCTOR : Hardtn-Hubcr 

1-a II ~TJ SILTY SAND: :e I lou-brown Sand u 1 th 
.. --I ¶I/ti zhell froqments; *at. 

i.Ol 

i5.m - 
I :, : 6fltdo: 6lack SO&~ *et. :: 

SILTY SANCI: Brown sand nlth slIti wet. 
:::. 

. ::: 
:::. 

_:: SANO: Brown $ond utth gravel; chell 
Froqmnts; not. -_ 

S‘AA SILTY SANO: Oaf-k brown eand ucth 011 t; 
3.m ahell Froqaents; mt. 

6819z 

,35.m I 
3 ‘. 

- 
se19 Lo--21 ‘::. 

SANO: Block and bahhlte sandi Jhell 

I 

1 

3 

-. 

81X4 LO-XI 

4).m _ 

DESCRIPTION 

_ MECKEC 

- 

IE 

REMARKS 



I 

i BORING LOG SHEET 
! PAGE 1-m 2 

F-- / PROJECT NO: 49211'50 FILE NO:f.?OW3 ICO BORING NO: X-3 PROJECT NAWE: 0 Area 

r, BEGAN: 12/14/32 DATE FINISHED : i?/15/92 FIELD GEOLOSKST: A Forrest 

L .,LLER: 0 ilueen NORTH : 1371413.61 EAST : 3693848.06 

GROUND SURFACE ELEV: 2.6 feet GK DATE/TIME : i/19/93 6UL DEPTH: 8.23 feet TOC 

DRILLING HETHOU: 4-l/4” IO HOLL!lU-STEtl PUGE2 DRILL EDUIP: Acker GlJL - EOUICP : ORS 

/ CONTRACTOR: Groundwater E 

/ 

0.00 
I=+= 

REC 
lFT1 

500 - 
- . . 
- . 
-.. 

~~~ 

- 
-.. . . . - : .-.. 

am - 

9. Inc. 

DESCRIPTIGN 

-- 
-~ SILTY SAND Yelloworown Sonci cclth -.- - -.- sllt; shell fragments; moist. 
- . . 

-. - -. -.. 
-. - 
-. - -. 

‘1 
- -. - 

-.* - ../ 
-.-I - 3 
-.- 

- .t -‘Y -.., -.--i - ..i 

SILTY SAND. 3lock sand ulth slit; wet. 

2s.m 

SILTY SANO: :eliou-brown sond with 
:. net. 

::: SAND: Block sand; with some silt ond 
grovel ; net. 

‘.‘...‘. 

:. .‘. 

SILTY SRND: Yellon-bronn sand ncth stlt; 
shell frogmento 

SHELLY SAND: Light &nun sand with shell 

‘.’ ~&I$ subrcunded, insorted. wet. loo3a. 

o:<;. Fragments; fine to coot-se. 

_ CMECKEE 

V( 
Of 

\ 

'Pl 

fD 

- 

REMARKS 

- 



BORING LOG SHEET 
PAGE 2 CF L --- 

PROJECT NO: +21150 FILE NO :0DU3A loo GORING NO: W-3 PROJECT NAtlE: 0 Area 

E BEGAN: 12/14/Y? DATE F-INISHED: 12/15/92 FIELD GEOLOSI8T: n+. Fom-est 
t,,.iLLER: 0. Oueen NORTH : ?071413 61 EAST : 3693848.06 

GROUND SURFACE ELEY: LZ.6 Feet GCL DATE/TXtlE : L/19/93 6UL DEPTH: 8.23 feet m 

DRILLING METHOD: d-L/4” IO HOLLOU-STEtl AUGER DRILL EOUIP: Ackcr GUL map: ORS 

CONTRACTOR: 5~ 

I I 
f3tem3. Ix 

1 P 

!EC 
FT) OESCRIPTICN 

E 
E 

o:.::id SHELLY SAND: 
Fragments; 

Light 8ron1-1 sond with shell 
f I ne to coor-se, 

subrounded, unsorted, net, I OOSC 

3iECKEC 

‘OLATILE 
IRGANIC 
VAPORS 

[PfJral 

By: N/A g I : 

/ 

REMARKS 

- 
‘ID 
- 

0 

0 

cl 

0 

- 

ID 
- 

0 

0 

c 

C 

- 

P 
:4 

sm-+ -i 

itm - 



BORING LOG SHEET 

F PROJECT NO: +2115O FILE NO :COW4 ICO 

‘E BEGAN: !2/15??2 

,.JLLER : 0 Queen 

GROUND SURFACE ELEY : 12.3 Feet 

ORILLING nETHOD: c-!/4” IO HSA 

i CONTRACTOR: Grounawoter Svstems. Inc 

PAGE i-ff 2 
BORING NO: 34-4 PROJECT NAME: 0 hrea 

DATE FINISHED : 12/15/?2 FIELD GEOLOSIST: A forrest 

NORTH : :3714l33 33 EAST : 3693906.79 

Gw, DATE/TIM. L.‘lY/Y3 6UL DEPTH: 8.12 feet TOC 

DRILL EOUIP: hker GblL ‘EDUXP: Offi 

24ECKEI E3Y: N/A 

10 m 

SHELLY SANO: Yelloworown sona ulth 

En 

SC- 
BP 

611 

S? 

SP 

%E’c’ 
VAPORS 
IPPml 

REMARKS 



BORING LOG SHEET 
PAGE cm z-- 

PROJECT NO : 4921150 FILE NO :OOU4 1 co 

‘E BEGhN: E/15/92 

L ,LLER: 0 Omen 

GROUNO SURFWE ELEY: X.8 Feet 

ORILLING nETHOD: 4-f/4” IO HSA 

BORING NO: 3W-4 PROJECT NAHE: 0 Area 

OATE FINISHED : 12/15/92 FIELD GEOLOBIST : A. Forrest 

NORTW : LO71483 33 EAST : 3693906.79 

GWL OATE/TItlE : ?/19/93 6UL DEPTH: 8.1~ feet TOC 

DRILL EDUIP: Acker GUL EQUIP: ORS 

I B ;y : N/A 

REMARKS 

_ CHECKED 
I 
v 
0 

I 

“RZ~~I’c’ 
VAPORS 
‘PPfn’ 

ifiCT()R: Groundwater Svstems. k 

- CESCRIPTICN 

r PI Cl 
- 

0 

0 

a 

0 

r 

- 

SP 



BORING LOG SHEET 

PROJECT NO: WU50 FILE NO : COW5 I oo BORING NO: 12-S 
‘-‘TE BEGAN: L/5/92 DATE FINISHED : -.‘5/93 

PAGE L-OF ! 
PROJECT NAHE : 0 Area 

FIELD GEOL0616T: A Fort-t 
LLER: 0 Omen NORTH : -371745 49 Et187 : 3693544.86 

3RUlJNO SURFACE ELEY: 11.7 Feet GCL UATE/TIflE : 1.‘19/93 6WL DEPTH : 6.98 feet TOC 
JRILLING ?lETHOO: 6-l/4” 13 HOLLCU-STEfl WGE3 DRILL EKUIP: Acker GUL FOLJIP: ORS 

I 
YiY 1 Of J’TH SfY!;“E 

rT1 AND NO I 
/ II a 

10 0 

Xt4TRACTCR : Groundwater Svstems Inc 

GESCRIPTION 

ASPHPCT/BASE FiOCK 
-.- 

SILTY SANO. Seddisn brow 60n0 UtTh s~#t: 

L7 
fine to mealun qrotned. sun-ongularea, 
UnGOctS,, wet, clO68: 

1 00 

1 - 

f=- 

IO 0 

15 .o 

ml 

25.0 

5m 

a.m 

35.m 

SHELLY SANO. Sroun qrcy sona 
ana shell fragments; fine to ccor3e 
waorqu I Oreo, umortea; 
WZT. mealum aen3e. 

GRAVELLY SANO: Llqht fray mm utth aravel 
and &hell fraqmenti; - 
Fine to coarse. subrounded. tinsortea; 
WCT. Ted turn oense 

SANO: 8row-1 ana 
I ittle SI It and c 0~. 9 

ray sand Y I th- 

f i ne gro t ned, 
trace of she1 1 fragments. 

net, 
sluqhtly plasttc. 

mea I urn dense. 

4ECKEC I E 

1 

0 

0 

0 

0 

a 

0 

0 

P 

0 

3Y: N/h 
. 

REMARKS 



/ BORING LOG StiEET 
PAGE -OF ! 

; PROJECT NO: 4921150 FILE NO :OtlU6 loo BORING NO: y-6. PROJECT NAtlE: a Area 

! ‘TE BEGAN: l/6/92 DATE FINISHE@ i/6/93 FIELD GEOLOGIST: A. Forreet 

ILLER : 0. Queen NORTH: ., 1371-9 00 EAST : 3693498.18 

GROUND SURFACE ELEV: 10.6 Feet SW DATE/TIME: L/19/33 6WL DEPTH: 6.98 feet TO? 

OFtILLING XTHOCI: 4-l/2” ID H’JLLOU-STEfl AUGER DRILL EOLJIP: Acksr GUL EOIJIP: OR9 

CliECKEt 3Y: N/A CUURACTUR : Graunawoter Svstcma: Inc 

DESCRIPTION REMARKS 

, 

- 

CO 
- 

0 

0 

0 

0 

a 

3 

0 

0 

0 

IO 
- 

I 

> 

I 

3 

0 

i 
/ I. 

I I ! 

/ 

, 
c I 
; :I tve-orawn eon0 

000 I 
I a.,u” 

F I nc TO coarse, 

0.i.l 
fun3orteci. ‘” “er. loose. 

zuo-onqu iorca. 

,L... 

I- 

-1 

-2 
10 0 

15.0 

20.0 

25.0 

‘0 

5.m 

n.al 

4 

1.. 
i?:. . . . . . . 
a. 

I 

. . ,.. 
ci. 
2. 35.00 SAND: Broun qt-oy aond ond shall Fragments: 

o.m 

:. net, meotum dense. 



BORING LOG StiEET 
,r"v"- PftGE LA Of 2 

!JECT NO: %115!l FILE NO:fi!W7 Ica BORING NO: CW-7 PROJECT NAIIE: 0 Area 

DATE BEGAN: l/8/92 DATE FINISHED: :;'8/93 FIELD GEOLOGIST: ft. farrest 

DRILLER: II Omen NORTH: LO71353 11 - EAST: 3693572.21 

/ GROUNO SURFACE ELEV: 13.0 Feet GU, DATE/TIflE: L/19/93 6UL DEPTH: 9.02 Feet WC 
/ 

DRILLING flETHO0: '-l/Z" IO HOLLOW-STEtl AUGER 

CONTRACTOR: Groundwater Svstems. Inc. 
I I 

! 
E 

ELEV /DEPTH SAME SPT REC p 
lFT1 j IF11 A$p;0 B;F/s IFTI 

/ 10.5'1 : 
E 

DRILL EOUXP: Picker GWL EOUIP: ORS 

CHECKED BY:- N/A 
I 

OESCRIPTION 

VI 
01 
OLATILE 
RGANIC 
VAPORS 
(PPml 

REMARKS 

ID 

- 

ID 
- 

a 

0 

0 

0 

0 

- 

k*>@ j 
/ I 1 

I ASPHPLT/BASE XICK 

- so 

I 

00 

50 

/ brow sono with 

I SJ 

1 

j-i0.m 

p :,:a 
a:i:d . 

?h y& ?I 
:::. :: SAND: olive-brown sand 

trace grovel; fine to come, sub-angulared, 
unsorted, wet, loose. -. 

:. 
..‘.’ 

‘.‘,’ 
‘.._’ 

::. 
:. 

. : 
‘_..’ 

.:. 

. 
:. 

: 

T 
1 

SP 

SP 

-s 

1 

1 

0 

0 

0 

- - 

I- 0.3 feet of Boss STOP 

Somplss were collecte 
uelng CflE’e S-foot 
COntIIWCW6 6OmfJfer 

noimt 



JECT NO: 4921150 FILE NO :ODU?a I co BORING NO: !3-7 PROJECT NAtlE: 

IPITE BEGAN: 1/3/92 DATE FINISHED : XV93 FIELD GEOLOGIST 

DRILLER : 0. Oueen NORTH : iO71353.11 EAST : 

GROUND SURFACE ELEY : 13 .O Feet Gw, DATE/TItlE : 1/19/93 6UL DEPTH: 

DRILLING tlETHOO: 4-M" ID HOLLOU-STEH AUGER DRILL EOUIP: Acker GUL EOUIP: 

BORING LOG SHEET 
PAGE 2 ff 3 

0 Area 

: A. Forrest 

3693572.21 

9.02 feet TOC 

ORS 

COEJTRMTOR: Sroundwater Systems, In 

P 

DESCRIPTION 

;AND 3llve-brown sona trace gravel 

;RAVELL Y WD- Srown gray sono ano gravel. 
’ 1 ne to coarse, snnongu I area, unsorted; 
det. dense. 

SAND: Olive-brown sond trace grovei; 
’ i ne to coarse, sub-angu I ared, 
Jnsorted, Net, loose. 

GRAVELLY SAND: %-own gray sand and gravel, 
fine to coarse, subangulared, unsorted; 
wet. dense. 

SAND: Olive-brown sand 
trace gravel; fine to caarse, sub-anguiared, 
unsorted, wet, loose. 

GRAVELLY SAND: Brawn gray sond and grovei; 
fine ta coarse, subangulared, unsorted; 
wet. dense 

SAND: 011ve-orown sand 
trace grovel; fine to coarse, sub-angulared. 
unsorted, wet, loose. 

SHELLY SAND: Gray sand and shell fragments; 
fine to coarse, subangulared, unsorted; 
wet. medium dense. 

- CHECKED BY: MA 

i 

J 

IO/PID i 

REMARKS 

‘/GP 

SP 

‘/GF 

SP 

'/GF 

SP 

SP 

I 

3 

0 

0 

0 

Samples Bert co1 lectea 
uzitng CtlE’3 5-foot 
continuous sampler 

Bottom of Hoi c 0 50’ 



j BORING LOG SHEET 

I ObOJECT NO: 40211C0 FILE NO: m.18 loa 
PAGE L-W L 

rn BORING NO: X-8 
‘4 

PROJECT NAHlf : 0 Area 
TE BEGAN: l/8/92 DATE FINISHED : ./e/93 
ILLER: 0 keen 

FIELD GEOL06116T : A. Forrest 
NORTH : 13717i4 50 EMT : 3693685.11 

“’ “‘” “‘1RFACE ELEy : L2.3 Feet GCL DATE/TINE: -/lY=3 4 6WL DEPTH : ? 02 Feet TOC .I--..-- .-- -- j DRILLING ~lt I HUU: 9-1/Z” Ill HOLLOU-STEn PUGER 

TRACTOR : Grounanoter Systems. Inc 

’ ’ 

cm 

FIFY 

DRILL EWIP: Acker GUL EOUIP: OR9 

DESCRIPTION 

ASPHPCT/BASE ROCK. 

SAND. %ddlsn orown sand ut+h 
she4 I fragments. froce graver ; 

2 t 
I 

Fine to toor qrornea, 
unsorred. net, 

sub-my I ored, 
mea I urn dense. 

1 I I 

I 

am 

5.00 

om 

. 
i?I 
. . 
i?f 
. . . 
i?! ..: . . 
r!! . . . . . . 
i?! 
.:: . . . 
‘b! . . . . . 
r!! 
. 

SHELL: ZNO _, cnt crown sona ona 
3nsl I ‘rzxncnta. +r- 
suo-cngu I area. 

,nr to caarsc. 
c3orted. ireT, tense 

SAN0 SroY sona; meawm qrarnea, 
subongur ored. sat-ted; 
net, mca!um dense. 

SHELL7 SAND: 
ztaod and shell 

i lght gray and brounlen-yelion 

[I-e! to coarse. 
Fro memo: 

9u 8 
, medium dense. 

angu i ared unsorted; 

f3OTTm OF BORING AT 90.0 

I 

BP 

SC 

SC 

- 

0 

0 

0 

0 

a 

0 

0 

0 

BY: N/A 

REtlARKS 



BORING LOG 

il CLIE??: Navy (LANTNAVFACE?JGCOMJ SOIL BORING #: HM-1 
LOCATION: Notiolk Naval Base TOTAL DEP2X: 3 feet 

Q-Area I Haz Mat ;uea 1 LOGGED BY: 
’ DRILLER: 

WELL CONSTRUCTION: NIA DRILL RIG: 
NIA 
N/A - 

METHOD: Iiand Auger 
DATE DRILLED: 10/4ml 

DEPTH:‘(i) (XASSFICATION LlTZOLOGICiUiDES-ON, 
I 
Ippj&Qp)p... ..I . ...: . . . ~:.:::~...‘.‘... . . i i::.. ,._ :.:.y...,.> ..,.,..,,..,, :.;..‘:..:,‘,:: 

o-7 SM Base SKO~C 

7-36 YeliOw-broWn moist sand wit& silt and shell frags. few 
ironstone clasrs and axpina cfasrs 

78@1U 
100 

3O@ls. 
0 @ 24. 

28@2S. 
I 0 @ 32. 

0 @ 36” 

End of bonng @ 3 feet 

Note: Slightly stamd area wth fuel odor. Near previous kxxton of damaged drums 
T 

Form F-2iUS09-l.Pg I 



BORING LOG 

i”““, / CLIEYT: 
i 

XaVy (LANT’JAVFACEXGCOM~ SOIL BORING #: HM-2 
LOCATION: Norfolk Naval Base TOTAL DEPTH: 3 feet 

Q-Area I Haz MaL xrea I LOGGED BY: 

/ WEU CONSTRUCI-ION: 
DRILLER: N/A 

WA DRILL RIG: N/A * 
MEIXOD: Hand Auger 
DATE DR-.r 10146x) 

DEI?-IX’(iR). CI;ASSIFICATION LITEOLOGICAL DESCRW’!‘ION : ; ()V&;(pp&q:::... 
::., .., _. :. :‘.: 

o-12 SM Base stone 0 

12-18 SM Black to yeiiow-brown moist sand with siit and shell frap. 10 @ 10’ 
Few coquina cfasts 12 @ 12. 

88 @ 15’ 
Sample No. HM-2-I 0 @I 18’ 

18-36 SM Black to yellow-brown moist sand with silt and shell frags+ 0 
, Few coayna cfasts 0 

0 
Samoie No. i-W-2-2 

I 
End of boring @ 3 feet 

Note: Between cement footmg and parking lot fence Highly stained. Strong fuel odor 

Form F-ZJl509-l.Pg 2 



BORLNG LOG 

Navy (LANTNAVFACENGCOM) 
LOCATION: Norfblk Navai Base 

Q-Area I Haz Mat. mea I 

SOIL BORING #: 
TOTAL DEPTH: 
LOGGED BY: 

HM-3 
3 feet 
M. Skrobacz 

I. 

/ WELL CONSTRUCTION: 
l DRILLER: N/A 

WA DRKLL RIG: N/A 
I MElHOD: Hand Auger 

DATE DRILLED: 10/3/90 

’ DEPEI”(ln) 
I I 

CIiASSIFICAlTON LlTHOLOGX2U.i:DES~ON’: 
\ I 

~:~~,O~&(pp& j 
‘:; ::> :.:.:.:..::~:j’~:,:ii.r: ..’ . . . . . . . . . . : . . ‘2 . . . . i . . . . . . ..( :/.;: . . .:...:.:...:.y 

I/ o-o.3 

/I 
03-1.2 

I 
SM 

I 
Black moist SAND with silt and gravel 

I 

II 1.2-3.0 I Yefiow brown moist SAND with silt 

lb I 
Lixnlt of bmng @ 3 feet 

II . 

II Note: Heavily stained. Shell frags. 

Form f-tll509-l.Pg 3 



BORING LOG 

CLIE?n: Navy (LANTNAVFACENGCOM\ 
’ LOCATTON: .Vorioik Nava! Base 
I Q-Area I Haz Mat tiea I 

SOIL BORING k KM4 
TOTAL DEPTH: 3 feet 
LOGGED BY: 

WELL CONSTRUCTrON: 
DRXLLEFk 

N/A DRILL RIG: 
NIA 
N/A - 

MErHOD: Hand Augelr 
/ DATE DRILLED: lOl3i90 

I DEPTH’.@).. CI;ASSIFICATION LlTEOLOGICXL’DES-ON‘ ;y,; c . . . ..)~~‘.(ppg~z~. 
. .. .i.) _.... .: ,..:.:, : :.:.: >>.‘I:.’ ,.._. :.:...:.. . . . . . . . . . . . . . . . _... ,. . . . ;$p::. /, . .:. . . . . 

o-7 Base stone 0 

7.18 SM Yellow-browu to dark brown moist with silt and some shell 
frag. Heavy staining and odor 

Samoie No. 

I 
18-36 CL Same as above with few yeflow-brown sanay ctay 

I Sample No. H&i42 and HM42 FD 

End bonng @ 3 feet 

Note: Between drums of dry cieanlng solvent and fence. heawly stained. Die&/fuei &or 

Form f-XI509-I.Pg 4 



BORING LOG 

i CLIENT: I Navy (LANTNAVFACENGCOM) 
LOCATION: Norfolk Naval Base 

Q-Area I Haz Mat. tiea) 

‘JELL CONSTRUCT-ION: NIA 

SOIL BORING #: HM-5 
TOTAL DEPTH: 3 feet 
LOGGED BY: M. Skrobaa 
DRILLER: NIA 
DRILL RIG: N/A - 
MFZHOD: Split-spoon 
DATE DRILLED: lOt2/90 

I Base stone 

I Yellow brown moist SAND with silt 

Note: O-1.5’ shell frags. 13-3’ 

Form F-M509-l.Pg 5 



BORING LOG 

// CLIE??: Nay (LANTNAVFACE?JGCOM) 
LOCATION: Yoriolk Nani Base 

SOIL BORING #: I-M-6 
TOTAL DEPTH: 3 feet 

Q-Area rliaz Mat Area, 

WEL.L CONSTRUCTION: N/A 

I LOGGED BY: 
DRILLER: N/A 
DRILL RIG: N/A - 

! METHOD: Hand Auger 
DATE DRILLED: lOJ3J90 

DEPrB:‘(i) CLASSlFICATION LITEIOLOGICAL DESCIUPllON ;: 
.:. 
,.;: ~VEQq?+??. 
..,:,: :,j;, .,j,, . ...:: .j. :: I.:., :: :)f>,, ,.::~::;::,~.j’::.l:~. 

04 Base stone 0 

6-36 SM Yellow-brown molsr sand with silt and sheii fmgs. 20 
8 

10 

(20 in hole; 
(90 in hole) 

End of bonng @ 3 feet 
/ 

f 

i 
I 

I I )I 
Note: Center of aisle betwem f0011ngS. DieseYfuel odor no stat&g drums of clantng compound (.4lkalinc cm’rosive 
liqutd)’ still located On both stdes i. .F 
l 3nd clemmz comoound for amraft sur’iz~~~ * 

Form F-ZDS09-l.Pg 6 



BORING LOG 

II CLIF?rrl Navy (LANTNAVFACE?lGCOM) SOIL BORING #: M-7 ‘l 

LOCATION: Notioik Naval Base TOTAL DEPTH: 3 feet 
_._ 

Q-Area t Haz. Mat. tiea, LOGGED BY: 
’ DRILLER: 

WELL CONS’IRUCrION: WA DRILL RIG: 
N/A 
N/A - 

f.TAS!SIFICATTON 

I METHOD: Hand Auger 
DATE DRIILEZD: 1014190 

,... . 
LZTHOLOGICAL DES(=IUI?IIION.~- .. ~!qpp+p 

.:.. . . .:.:.. : .,.:. ,,. : .,., ,jc : : ..,. .’ .& ..j,~::j:i~~~::~::~~;~~:.~.:.: . . . . . :::.:.:.::>:..:..: .. 

Base stone 

Yellow-brown moist sand with siit and shell frags. 

Sampte No. Hhi-7-l 

0.sIightodor 
35-dcmi~odor 

38 
33 

Same as above wxfi few coayna ciasts 

Samute No. HM-7-2 

0 
03 @ 28- 

0 (8 in hole) 

End of bonng @ 3 fett 

Form f-2X)509-Z.Pg 7 



BORING LOG 

.P-=.- /I CLSEXE Navy (LANTNAVFACEXGCOM~ SOIL BORING #: HM-8 
LOCATION: Yoriolk Naval Base TOTAL DEPTH: 3 feet 

Q-Area I Haz Mat tiezt, LOGGED BY: 

1 LVEU. CONSTRU~ON: 
’ DRILE2.r 

NfA DRaL RIG: 
N/A 
N/A - 

il ] MElHOD: Hand Auger 
j 1 DATEDRILED: 10/4m - I, 
’ DEPTFf’~(in) CI;ASSIFICATTON LlTEOLOGXCALDEsQGupTIION:‘~~ 

0 
I 

o-36 SM YeIlow-bmvn sand 

End of bonng @ 3 feet 

j 
i 
I 

I I I 
II Note: Hit rock @ 6” offset 6” t 



BORING LOG 

il CLE"TT: Navy (LANTNAVFACEXGCOM) 
LOCATION: Norfolk Naval Base 

Q-Am I Hz .Mat iueab 

SOIL, BORING #: 
TOTAL DEPTH: 
LOGGED BY: 

HA&9 
3 feet 
M. Skrobacz 

’ DRILLER: N/A 
WELL CONSTRUCI-ION: WA DRILL RIG: N/A . 

METHOD: Split-spoon 

Drn’ (in) 

O-O.2 

1 DA’IEDRrr.T: 10Rl9il 

cT;AssIFI~TION UTEOLiOGICALDESCRXPTXON~~~~~ 2,;: O~&?Q)p&$~~ ,: 
,:‘. .’ .>...-. . . . . . . . . . . . . . .._ :::, ,: :. 2 ::.:: :,., ..,,,. _:....,:,, ._. _. .::..:::::: ::: .:.v... I: I: I 

I 
Base stone 

0.2-3.0 SM Yellow-brown moist SAND with siit 

, 

0 

I I I 

I 
Limit of bormg @ 3 feet 

Note: She11 frags. 

Form F-2JlSO9-I.Pg 9 



BORING LOG 

rc”““z ‘I CLIE?n: Navy (LANTNAVFACEXGCOMI 
LOCATION: Norfolk Naval Base 

Q-Area I Haz Mat- ~re3 I 

~r;ELS.. CONSTRUCTION: N/A 

/ ! / 

SOIL BORING #: Hh4-10 
TOTAL DEPTH: 3 feel 
LOGGED BY: 
DRILLER: N/A 
DRILL RIG: N/A * 
bfElHOD: 
DATE DRILLED: 

Hand Auger 
10/4/90 

DEPTH”(in) CI;ASSIFICATION Ul’EOLOG:CAL DESXIFRON” y_ ()~&(ppg#q.:. 
i:.. . . . . . ‘i ::.g:.. y::;,, ,, . . . . I ;. :::.‘:i:.p :i .(,, 

o-5 SM Base stone Ol 

5-18 SM Yellow-brown moist sand with silt and shell fxags. Few 
cobbles. some gavel 

I Sample No. H&i-10-1 

18-36 SMICL Same as above cvlth few yeilow-brown sandy clay cf3sts 0 
0 

Sample No. HM-10-2 

End of bonng @ 3 feet 

Note: Note 10 cement footrnp. No staining or odor 

Form f-2X)509-l.Pg 10 



BORING LOG 

il 
_ 8 

CLr.ExT: Navy (LAN’IWAWACENGCOM) SOIL BORING #: PP.1 
LOCATION: Norfolk Naval Base TOTAL DEPTE 3 feet 

Q-Area cPetroteum Products Area) 1 LOGGED BY: 
i DRiLLER: 

WELL CONS-lRU~ON: N/A 1 DRILL RIG: 
N/A 
NfA - 

, ! METHOD: Hand Auger 
DATE DRILLED: LOflBO 

/I DElTH”(iU) I CJLASSIJ?IcATION 
I 

SM Yeilow-brown most sand with silt and shell fragments 

I End of tming @ 3 feet 

I 
I I 

II I 

II Note: Next to fence. No visible stainit~~ or odor. Non traffic arta f 

Form F-VJXB-2.Pg 3 



BORING LOG 

CLIENT: Nay (iaAN-ITAVFACE!iGCOM) SOIL BORING #: PP.2 
LOCATION: Norfolk Naval Base TOTAL DEPlHz 3 feet 

I- 
~-Area f Petroleum Produns Arear LOGGED BY: 

i WELL CONSTRUCTION: 
’ DRILLER: N/A 

N/A DRILL RIG: N/A - 
METHOD: Hand Auger 
DATE DRILED: 9t27d90 

DEPTEI”(in) CL;ASSIFICAnON ii. 
LITEOLOGICAL DESCBWIION’” .,;; oy~(p~~~;:. 

.: ::: .:.. j ,-::;.:j y::,:i.; :,:.., .,, ., ;.‘; Y.‘,...... I :: 

o-5 Base stone 

5-18 SM Ydlow-brown moist sand with silt and sheil fragments 0 

Sample No. PP.2-l 

:8-36 SM Same as above 0 

SamDIe No. PP-2-2 

End of borne @ 3 feet 

. --- 

I I 
I I 

! 

Note: Center of aisle betwczn footing. Nowisible staining or odor. Had to o&et 3 times. Hit cement or something 
@ 4” in OIXJ. hole and 1st two offsets. lMovui next to cement footing for third of&et. No visible staini!& no Odor 

Form F-ZJl509-2Pg 4 



BORING LOG 

/I CLI.E?Trz Navy (LANTNAVFACENGCOM~ SOIL BORING #: PP-3 
LOCATION: Yoiiolk Naval Base TOTAL DEPTH: 3 feet 

Q-h=a tPetro!eum Products break 

WELL CONSTRUCTION: N/A 

LOGGED BY: 
DRILLER: 
DRiLL RIG: 
METHOD: 

N/A 
N/A - 
Hand Auger 

( DATEDRILLED: 9R7/90 - 

O-4 

4-m 

18-36 

SM 

SM 

Base stone 

YelIow-brown moist sand with siit and shelt fragments 

sample No. PP-3-l 

Same as abuve with more shell fragments 

Sample No. PP.3-2 

End of boruq @ 3 feet 

Note: Center of aisle between cnncretc footinos. No stainine or odor 

Form F-2/0509-2.Pg 5 



BORING LOG 

! CLIENTZ 
I 

Navy ~LAbKXAVFACE?IGCOM) 
LOCATION: ?loriotk Naval Base 

Q-Area (Petroleum Proaucts urea I 

SOIL BORING #: 
TOTAL DEPTH: 

t LOGGED BY: 

PP-4 
3 feet 

WZL CONSIRtJCT7ON: 
’ DRIUER: 

N/A 
N/A 

DRILL, RIG: N/A * 
METHOD: k&id Auger 
DATE DRILED: 10/l/90 

IxP!rK(in): CZIASS~~~ON LXHOLUGXAL:DESCRXP!!7OW~ 
..i. 

: .$p~&$Q$,+&~ 
.-;::::::y.: . . : ::::;:;:,y: ::, :i ..,;,..::y;.: :,: :...,: ,.:.:,:“r-: . .,... . . . . . . ., _., ;:. .:.;:~~;~::::‘:~~~;:l.,:: .,... :...:.>. 

O-4 Base stone and topsoil 0 

s-36 SM Ydlow-browt~ moist sand with silt and shctl fragmenrs 
(cemented shell fragments) 

End of boring @ 3 feet 

0 
0 

! t--P , 

Note: Next to concrete footing. NO ViSibie StZiittitIg or txlor. Across frum hydraulic fluid drums. Hit rock @ 18’ 
offset 3’. Hit rock @ l&inch agin. Of&et 5’ into center of aisle (toward drums) 

I 
i 

Form F-2.Xl509-2.Pg 9 



BORING LOG 

II CLIENT: Navy (LUTNAVFACENGCOM) 
I 

SOIL BORING #: PP.5 
LOCATION: Norfolk Nati Base TOTAL DEPTI-E 3 feet 

Q-Area (Petroleum Products Area I LOGGED BY: 
DRIKER: NIA 

WELL CONSTRUCTION: NIA DRILL RIG: N/A - 
METHOD: Hand Auger 
DA-I-E DRIILED: 1onm 

..:.. _., . .I.. 
Dm"(in) cIAssIFxcATrON ~OI;OGICX.L:DBS~ON:" ,,;,3 .om@?!j.w$,;; 

.:i:::; .: ..i... :.:. ':.??I..: . . . . . . . . . . ,.... ._., _. --.-.'.'...'.~~~.:.:..~; ..:.:.:.:.:. :::p,:. " .::.. '.'.F :,.. :..> .,.,.: .,... ..: :,:.:.: :::.:, 

O-6 Base stone (I 

6-18 SM Yellow-brown moist sand with siit with some shell 
fragments 

C 

! 8-36 SM 

Sampie No. PP-S-1 

Same as above with more shell frags. 

Sample No. PP-S-2 

End of bonng @ 3 feet 

I I I 
Note: Next to cement footin& No visible stam or odor II 

Form f-Xl509-l.Pg 11 



BORING LOG 

_ Navy (LAWlWAVFACENGCOM\ SOIL BORING #: PP-6 
LOCATION: Norfolk Nawd Base TOTAL DEPTH: 3 fwx 

,I Q-Area I Petroleum Products AI=, LOGGED BY: 
I” 
/ WELL CONS-IRUCI’ION: 

’ DRSLLER: 
N/A DRILL RIG: 

II 1 mOD: Hand Aueer 

N/A 
N/A - 

!I I DATEDRlLLEDm: 9R61po - 

II DEPTEI”(iJl) CLAS!SIFICA’X-XON LiTIIOLOGXCU.. DE!XRETXONx 

o-3 i 
I 

YeUow-brown moist sand with silt and some shell 

I 

18.36 SM 

Sample No. PP&i 

Same as above 

Samp1e No. PP4-2 

End of boxing @ 3 feet 

Note: Next to cement footme. Sliehtlv statid slkhtlv petroleum odor I 

Form F-2A5Oi1.P~ 12 



BORING LOG 

/I CLIE?W Navy (LANTNAVFACENGCOM) I SOIL BORING i+: PP.7 _- !I 

” LOCATION: NoGolk Naval Base ( TOTALDEPTH: 3 feet 
Q-Area I Petroleum Producxs &ea 1 1 LOGGED BY: CWB 

‘NEIL CONS’IRUCTTON: 
i DRILLER: 

N/A DRILL RIG: 
VIA 
N/A - 

METHOD: Hand Auger 
DATE DRILLED: lOi% 

DEZTH:‘(in). CXAS!SIEIICATION ~OLOGXCAL DIEXBETION” .~~()$?&Qp+g&~~ ..: .::: : .: :::;:: )‘.,. ‘.“.:.:‘,:.: .y..:, . . . 

O-4 Base stone 0 

4-36 SM 

c&CL 

YeIiow-brown moist sand with silt and shell fragtnents 

Yellow-brown some sandy clay @ 20.inch. Also coquina 
from 18 to TD 

End of bonng @ 3 feet 

Form F-T&0509-l.Pg 13 



BORING LOG 

.; j CLIENT: Navy ~LAN’TNAVFACENGCOM) 
LOCATION: Norfolk Naval Base 

SOIL BORING #: 
TOTAL DEPTE 

PP.8 
3 feet 

Q-Area (Petroleum Products urea I I LOGGED BY: 
DRILLERz WA 

WELL CONSTRUCIION: ?UA DRILL RIG: NtA - 
MIZ-I-IOD: Hand Auger 
DATE DR-: 10n/90 

DEPl73”(la) CTASSIFlIlATION LXTEEOUIGXCAL DESCXZXPTION ‘- .flp&qj@&& ::. 
..,... :.., ,: .‘,_ ::; (:::.‘.‘...:.:.~.~:.;::;:...:~..~~.~:...? .::, .::.. ,. :.,.:. i.:> . . ..: ..,. :,. . . . . . . . . . . 

O-4 Base stone 0 

A-18 SM YeUow-brown moist sand with silt and shetf frqmcnrs 

Samole No. PP-8-l 

CL Sandy gray-green cIay 1’ thick @ 10‘ 
I 

0 

IS-36 SM Yellow-mown mo=t sand wth srlt and shell fragments 

Sample No. PP-8-2 

I 
End of bonq @ 3 feet 

11 Note: Next to cement footing. Slightly stained No odor 

Form F-210509-l.Pg 14 



BORING LOG 
_- 

jJ CLIEXTZ Navy (LANTNAVFACENGCOM~ 
’ LOCATION: Yorfok Navai Base 

SOIL BORING #: 
TOTAL DEPTH: 

PP-9 
3 feet 

Q-Area I Petrofeum Prociucrs urea b 1 LOGGEDBY: 
’ DRILLER: N/A 

Wl3L CONSTRUCTION: N/A DRILL RIG: N/A - 
METHOD: Hand Auger 
DATE DRIL.LED: LO/u90 

DEPTH”(iu) CI;ASSIFICATTON LITEOEOGIcAII:DFXXEI’ION:-- .~$pqpp+& <; 
.;$+.. ;...:.:,.>..; . . .._ :...; . . . . . . . . . . ::;;$y: j 

.,_ ‘.Iy.. ,....-.:.-.. .: . . . ..: .:... ., . . . . .: ,‘( ;: :.:.. >:.; .:.:.: ::(:‘. 

o-3 Base stone 0 

r 

Yellow-brown moist sand with silt and sheil fragments and 
coq- 

Light gray and yellow brown sandy clay @ 13’ 

Sample No. .PP-9-l 

Same as above 

Sample No. PP-9-2 

52-36 Light gray ciay 
_-. 

I 
End of boring @ 3 feet 

II ~~~ Note: Middle of aisle. No wsible staining; no odor. O&et 1’ - hit roct @ 12-inch 

Form F-ZiU509-l.Pg 15 



BORING LOG 

Navy (LANTNAVFACENGCOMI 
LOCATION: Norfolk Nava1 Base 

SOIL BORING #: 
TOTAL DEPTH: 3 feet 

Q-Area r Petroleum Proctuas ~real j LOGGED BY: 

WELL CONS-iRUCXION: N/A 
DRKL.LERz WA 
DRiLL RIG: N/A * 
METHOD: Hand Auger 
DATE DRSLLED: lonm 

DEI?rEI~‘(h) ClASSIFI~‘XTON LlTHOMGXXL.DES~ON:-: .~cn~~~~~..:~~ 
.:s>.. . . . . .. ,.:.:. .,._( :.~...:.::::~.:~:::~:::::~:., . . . .._... j :.., .j :.i.i~~,~~.~~~.~~~.~.~.~~~.~~~~:?~~~~.~:~,:,~,., ..:+:.: .x...: :..... :.-y..:,.- . . . . . . . . . _:_. 

o-5 Base stone 0, 

s-36 SM Yellow-bmwn moist sand with silt and sheli fragments 0 

End of bonng @ 3 feet 

Note: Next 10 cement footit@ Highly stained. diesel odor. Had to of&et . h.& ro& @ &in& 

Form F-Z/0509-2.Pg 1 



BORING LOG 

jJ CLIENT: Navy (LANTNAVFACENGCOM) 
LOCATION: Norioik Naval Base 

.I Q-Area tPe?roleum Producxs Arear 

SOIL BORING #: 
TOTAL DEPTH: 
LOGGED BY: 

PP-11 
3 feet 

I 
/ WELL CONSTRUCTION: 

DRILLER: 
WA DRILL RIG: 

N/A 
N/A - 

METHOD: Hand Auger 
DATE DRILLED: 9l26BO 

DlZPTEI:‘(in) 

O-O.2 

(ZU!S!SIFICA~ON ~OLOGKAI,.DES~ON “i, ()~&~pp~)X~. 
: :.. ;..:: :.:::., : :.;::. :..:; . . ., . . . . :... 

Base stone 

2-18 SM Grcy beaming ydlow brown moist sand with siit and some 
s&II fiagmenrs 

Sample No. PP-11-l 

18-36 SM Same as above 

Sample No. PP-11-2 

End of bonng @ 3 feet 

II Note: Nexx to cement foottnn. Hiehlv stained area 

Form F-24350%2.Pg 2 



BORING LOG 

CLIExrI Navy (LAN-rWAVFACENGCOM) . SOIL BORING #: PP.12 
LOCATION: Norfoik Naval Base TOTAL DEFEI: 3 feet 

Q-Area ( Petroteum Products AXI) LOGGED By: 

‘JELL CONSTRUCI-ION: 
DRILLER: 

WA 
N/A 

DRILL RIG: N/A - 
METHOD: Hand Auger 
DATE DRILIED: lOAl 

DEETE”(in) CI;ASSI.F’ICATION -ymGx-: D=cGuI?LII*N 5::. 
~~&~q&&~<~~~ 

: .:. ..:.y.c-:i y,:,.i;~$p;:‘t::“:::, ,::.,.., .. &&,’ .,.:.. ::i~~~~:i: :, 

o-5 Base stoue - Diesel smell 0 

S-18 SM Yellow-bmwn moist sand with silt and shell fagmenu and 
few pieces of coquina 

Samafe No. PP-12-1 

0 

! 8-36 SM Same as above 

I Sample No. PP-12-2 

Note: Next to cement foottnp of haz mat. area @ edge of petroleum products area. No visible staidg Or Odor 

Form f -2/050%2.Pg 6 



BORING LOG 

?(avy (LANTNAVFACENGCOM\ 
LOCATION: Norfolk Naval Base 

SOIL BORING #: 
TOTAL DEPTH: 
LOGGED BY: 

PP.13 
3 feet 

DRILL RIG: N/A - 

Form f -zio509-2.Pg 7 



BORING LOG 

/I CLIE?R: Navy (LANTNAVFACENGCOM) SOIL BORING #: PP-14 
LOCATION: Noriotk Naval Base TOTAL DEPTH: 3 feet 

Q-Area r Petroleum Producxs &eat LOGGED BY: 
I 

j W3.L CONS-IXUCITON: 
’ DRILLER: 

N/A DRILL RIG: 
N/A 
N/A . 

MEEIOD: 
DATE DRILXED: 

Hand Auger 
lonm 

04 Base stone 

418 SM Yeiiow-brow moist sand with silt and shell fragments 

SamDie No. PP-14-l 

4osampk I 
9Oinholc 1 

18-36 CH Same as above with minor clay, light gray, mow 

Samole No. PP-14-2 

End of bxlng @ 3 feet 
I 

I 

I 

I 

I I 

Note: Center of aisle. NO visible staining, no odor. In front of damage&leaky (?) &tx~ with visible staining in 
vicinxv of drums csolvenrs. hydraulic fluids. alkaline corr~stve liquid. cktfinn amwun&). Tficfilo~otiflwftXoethane I 

Form f -2AlSO9-2.Pg 8 



BORING LOG . 

/ CLEW: Navy (LANTNAVFACEXGCOM) 
LOCATION: Norioik Naval Base 

Q-Area ( Transrt Area I 

-. .-- 
SOIL BORING #: TA-1 
TOTAL, DEPTH: 3 feet 
LOGGED BY: MES 

’ DRlLLERz 
I 

N/A 
WELL CONSTRUCTION: NIA DRILL RIG: N/A - 

DEPTEWi) CL;ASGIFIUTXON 

o-o.3 SM 

h4EIHOD: Split-spoon 
DATE DRILLED: 9nsm 

.,._. I .. . 
LITEOI;oGXUI., DESC.RlFTION ‘: .:.:: ov*jpp.llk~~, .: . . ..I 

“f?:. ., .::.~:~~:~ili:::l:.“:: 

Base stone 0 

0.3-3.0 SM 
I 

Yellow-brown moist SAND with SILT 
I 

0 

End of boring @ 3 feet 

L 

Stained. 11’ recover. 11’ recover. 

(.’ 

Form F-LD509-2Pg 17 



BORING LOG 

II CLIEXTI Nay! (LANTNAVFACENGCOM~ SOIL, BORING #: TA-2 
LOCATION: Norfolk Naval Base TOTAL DEPTH: 3 feet 

Q-Area tTransrt AMI LOGGED BY: 

WELL CONSTRUCI’ION: 
DRILLER: N/A 

N/A DRILL RIG: N/A . 
hfEIHOD: Split-spcKln 
DATE DRILLED: 9/2590 

DEI?lX’(In).. CI;ASSIFICATXON ~OI;OGIC;AI;I]~~ON” j$ av&jmpsx 
:i:;;;:, ,~~:::~.::~~$~:i:~~ii:::::::~::..:~...~,’~.. ..:.:~I.~~:~,..:.~... . . : ,. 

3.0 Base stone 0 

Yeiiow-brown moist SAND with SILT 

End of boring @ 3 feet I 

I 

I I I i 

II Note: Appears concrete isie has been removed. sampling in center of it. 
i k 

Form f-2/T3509-2.Pg 18 



BORING LOG 

il cmm Navy (UNTNAVFACENGCOM) 
LOCATION: Norfolk Naval Base 

Q-Area (Transn Area] II 

WELL CONSTRUCTION: N/A 

DE2TE:‘(iu) cI;AssIFICATXON 

SOIL BORING #: TA-3 
TOTAL DEPTH: 3 feet 
LOGGED BY: MES Ii 

’ DRILLER: N/A 
DRILL RIG: N/A 
METHOD: split-qxxxl- 

DATE DRILLED: 9Rsl90 

Ll3’EtXOGXcA.T.i DES~ON”. 

SM 

Base stone 

Yellow-brown moist SAND with SILT 

End oi bonng @ 3 feet 

/I Note: 

Form f-2AI509-2.Pg 19 



BORING LOG 

,q i I CLIErn: Navy (mAVFACENGCOM) SOIL BORING #: TA4 
LOCATION: ?brfolk Naval Base TOTAL DEFTH: 3 feet 

Q-Area r Transtt &ear LOGGED BY: 

I WELL CONSTRUCTION: I 
DRILLER: NIA 

NIA DRILL RIG: N/A . 
METHOD: Split-s?KKm 
DATE DRILLED: 9Rmo 

i 

.;~~!&Q#pgj&~;~~:. 

:$I ; ... . . :+: .......... 
.... 

...::;r:::::.~::r:::::~. 
:‘::::::~:~:.;;i.i:~ “., .. ... ..‘. 

3.0 SM 

I 

Yellow brow moist SAND with silt 0 

End of bormg @ 3 feet 

Note: No stain. ,Viddle of transtt arid. 

i.’ 
.: 

Form F-2/7l509-2.P~ 20 



BORING LOG 

CLLEN-r: Navy (LANTNAVFACENGCOM~ 
LOCATION: Norfolk Nazi Base 

Q-Area t Transxt ~rear 

SOIL BORING #: T-A-5 
TOTAL DEPTH: 3 feet 
LOGGED BY: 

/’ ’ DRXUER: N/A 
/ W3.L CONSTRUCTION: NIA DRILL RIG: N/A - 

II METHOD: Split-spcxm 
DATE DRILLED: 9Nl90 I 

II imPnr’(&). I CIXASSlFXc;4TTON 
I 

II o-O.2 
I 

3.0 

I 
SM Yellow-brown motst SAND with silt 1 

Staining 

End of bonng @ 3 feet 

II Note: RedriHed for additional materiaL Off&t 6”. 

Form f-t1)509-2Pg 21 



BORING LOG 

/ CLEW Navy (LAJWNAVFACE?JGCOM) 
LOCATION: Notiotk Navd Base 

/I 
Q-Area (Equipmenr Yard) 

I ‘NELL CONSTRUCTION: N/A 

SOIL BORING #: IS-1 
TOTAL DEPTH: 3fetr 
LOGGED BY: 
DRTT: N/A 
DRIIL RIG: N/A - 
METHOD: Hand Auger 
DATEDRILLED: 10/2/W 

II DEPTH::(in) CLASSm’XTON 
I 

:, 

I 
Base stone 

1 , I 

3-36 SM Yellow-brown moist sand wit& silt and shell fragmems. 
CH-CL t- Light gray clay clasts unpixla clasls 

Endofboting@3feet 

Note: Moderate t-c area between cement footin@ (for srorage). No visible s-g about 23’ lkom Q-Area Drum 
Storage fence. Hit rock @ 17 offset 6’ toward fence. Hit rock again @ 18’. O&t to 1’ away frsm fence 

- 

Form F-MSO9-2.Pg 10 



BORING LOG 

il CT_TFhfi: Navy (UNTNAVFACENGCOM) I SOIL BORING #: EY-2 
LOCATION: Norfolk Navai Base 

Q-Area r Equipment Yz.rcil I 
TOTAL DEPTH: 3 feet 
LOGGED BY: 

’ DRILLER: 
WELL CONS’IRUCI-ION: N/A DRILL RIG: 

N/A 
N/A - 

&IEIHOD: 
DATE DRZED: 

Hand Auger 
lON90 

DEPTEl”fln) .: CIASS~CATTON 

o-6 Base stone 

b-18 SM Yellow-brown moist sated with sitt and sh& fragmettts. 0 
a Light gray sandy clay class. Gxpina ciasn 10 

Sampie No. EY-2-l 

i8-36 Same as above ( ditsef ? odor) 0 
80 

Sample No. EY-2-2 50 

I 
End of bonng @ 3 feet 

1 1 I 

I 
. . 

Note: about 15’ from Q-Arca Drum Stora& fence No staining. no odor 

Form F-2/KHl9-ZPg 11 



BORING LOG 

jl CLIENT: 

! 
/ 

Navy (LWTNAVFACENGCOM~ 

WZL CONSTRUCTION: 

LOCATION: Noriolk Navai Base 

N/A 

Q-Area I Ekqpmeat Yard) 

SOIL BORING #: 

DRILLER: 

EY-3 
TOTAL DEPTH: 

DRILL RIG: 

3 feet 
LOGGED BY: 

N/A 
N/A - 

MEIHOD: 
DATE DRIUED: 

Iiaud Auger 
lOal 

I Base stone 

3-18 

18-36 

YellaWaroWa moist sand 

End of bomq 

Note: About 15’ from fenee to dram storaizt vard 

Form f-2iU509-2Pg 12 



BORING LOG 

11 CLxExTi Navy (LANTNAVFACENGCOM~ I SOIL BORING #: n-4 
‘.OCATION: Norfolk Naval Base 

Q-Area ( Equtpment Yard\ 
TOTAL DEZPTHz 3 feet 
LOGGED BY: 

WELL CONSTRUCnON: I 
DRILLER: 

YIA DRLLL RIG: 
WA 
N/A - 

METHOD: 
DATE DRILLED: 

Hand Auper 
lOrw0 

I I 

5-18 SM Yellow-brown moist sand with silt and shell fragments. 0 
some coquina clans 

Sampfe No. EY41 

18-36 Same as above 

Samble No. m-5-2 I 

End oi bonng @ 3 feet 

Form f-210509-2.Pg 13 



BORING LOG 

Navy (iANTVAVFACENGCOM> SOIL BORING #: EY-5 I 

L 

LOCATION: Norfolk Naval Base TOTAL DEPTH: 3 feet 1 

Q-Are3 (Equxpment Yard) LOGGED BY: 
I 

DRKLXER: N/A 
WELL CONSTRUCTION: NIA DRILL RIG: N/A . 

METHOD: Hand Auger 
DATE DRILLED: 10/3l90 

DEPl’EI”(in): CL;ASsIFIC;hTION -o~G~~‘;‘~~oyf.x;; .,, ;;: 
; ~:~~~~~~~~~~~~. . . . ..A... . .,. . . . . . . . .,. . . ,... . . .., . . . . . . .,..... :‘., :.. 

O-65 Base stone 0 

6.5-18 

18-36 

SM Yellow-brown moist sand with silt and shell fragmcn~r 
Few coquina ciasu 

Sample No. EY-5-l 

Same as above with few ironstone clasts 

Sample No. IX-52 and EY-5-2 FD 

End of bonng @ 3 feet 

Form F-210509~ZPg 14 



BORING LOG 

II CLIEST: Navy (LANTNAVFACEXGCOM) SOIL BORING #: EY-6 
T-OCATION: Norfoik Nava1 Base TOTAL DEPTH: 3 feet 

Q-Area ~Equxpmenr Yard) LOGGED BY: 

‘ELL CONSTRUCl-ION: 
DRILLER: NIA 

N/A DRILL RIG: N/A - 
METHOD: Hand Auger 
DATE DRILLED: lOf3i90 

DEFI’FI .(in). -IFICATXON LFI’HOLOGXXLDESCRIl?T?ON:~- .:::;:.. ..I 
:gipmQp@&: :i:: 
. . . . . . . . :... . . . . ,: ,,, ::,:: _/. :::‘::.:::.::::.::i..‘y .,y . . . .I.. ;...; ,‘,:.:.,,..:....,....‘, :.:.:.:.:...:.:+>>.::,., ,/,.. :.: ./.,). . . . . . . . . ., 

O-l Base stone 0 

l-36 SM 
a 

Yellow-brown moist sand w&h siit and shell fragments. 
Few It gray sandy clay ciasts 

End of bormg @ 3 feet 

Note: Next to cement footinn 

Form f-2rDSO9-2.Pg 15 



BORING LOG 

CLIEXT: Navy (LAN?NAVFACENGCOM) 
LOCATION: Norfolk Naval Base 

Q-Am lEqqmen1 Yard) 

SOIL BORING #: EY-7 
TOTAL DEPTH: 3 feet 
LOGGED BY: 

WELL CONSTRUC;TION: 1 DRILLER: 
N/A DRILL RIG: 

WA 
N/A - 

! METHOD: Hand Auger 
DATE DRILLED: 10/3/90 

DF2TE(in) 
I 

CLASSIFXATXON LrmoLoGx~DES~ON~~ ,.: $p&@&& . . 
j.g$ . ..‘...(. :.: .:... :.:.:+‘;;;.; :.::. 3 . . :.:.:.:. ” ‘. :.:.: :“:*..:.:.y..: : 

i 
0 o-o.5 

OS-18 

18-36 

SM Yellow-brown moist sand with silt and shell fxagments 

Sample No. EY-7-I 

Same as above 

Sample No.. El?-7-2 and EY-7-2 FD 

End of bonng 

Note: Next to cement footing 

Form f-2i0509-2.Pg 16 



Appendix E 

Liquid Level Data for Monitor Wells 



Entironmental Sdence d Engineering 

yorJp .:’ 
Well” 
Number 
5?irT== 
SW-72 
SW-3 
SW-4 
SW-5 
SW-6 
SW-7 
SW-0 
SW-9 
SW-10 
DW- 1 
DW-2 
DW-3 
DW-4 
DW-5 
DW-6 
DW-7 
DW-8 
GW-1 
GW-2 
GW-3 
GW-4 

19-Jan-g: 
19-Jan-92 
f9- Jan-91 
19-Jan-92 
19-Jan-93 
19-Jan-93 
19-Jan-93 
19-Jan-93 
19-Jan-93 
19-Jan-93 
19-Jan-93 
19-Jan-93 
19-Jan-93 
19-Jan-93 
19-Jan-93 
19-Jan-93 
19-Jan-93 
19-Jan-93 
IQ-Jan-93 
19-Jan-93 
19-Jan-93 
P-Jan-g: 

:. .“.“‘@)Q# 

@i$& 
J&t+ 

9.; 
10.1 
9.t 
7.: 
9.1 
8.: 

1o.c 
a.7 
7.9 
9.7 

10.0 
9.6 
9.8 
a.7 
7.8 

10.2 
9.3 
9.0 
9.9 

10.0 
9.t 

. . :: pG 
j3 svaiioh 

@it-msfj --vu.- -.-. 
8.90 
9.35 

10.09 
8.82 
7.44 
9.16 
7.55 
9.59 
7.81 
7.18 
9.50 
9.75 
9.44 
9.47 
7.44 
7.69 

10.10 
8.26 

10.42 
10.93 
to.04 I 
jl.00’ .-a 

(feL 
3693865.68 
3693850.52 
3693661.38 
3693807.66 
3693890.65 
3693498.18 
3693771.24 
3693914.73 
3693547.26 
3693497.91 
3693848.06 
3693912.54 
3693844.95 
3693906.79 i 
3693544.86 ~ 
3693498.18 
3693572.21 
3693685.11 
3693796.73 
3693782.93 
3893880.03 

Q Drum Siorago Area 
Norldk Naval Bass 
Noddk, l%yh ia 
Motitor Wdl Da& Table 

* 
1071411.5’ 
1071347.41 
1071283.6t 
1071253.3( 
1071344.7E 
1071222.5C 
1071480.3: 
1071746.2C 
1071434.3s 
1071413.61 
1071481.84 
1071415.35 
1071483.33 
1071746.40 
1071439.00 
1071353.11 
1071714.60 
1071442.05 
f0715fa.fQ 
1071460.64 

_1fi406.91 .a-.- 

--___ __-_.--- 

Screen 
lntixvai 
[feet) --. .--. - 

--3F25- 
lo-25 
5-25 
IO-25 
10-25 
10-25 
10-25 
10-25 
15-35 
15-35 
35-45 
35-45 
55-65 
55-65 
35-45 
35-45 
40-50 
15-40 

- 

Depth tr 
sbgxr 

-. l!e$ 
2: 
2: 
2: 
2s 
2E 
25 
25 
25 
35 
35 
45 
45 
65 
65 
45 
45 
50 
40 

Depth I 
Walt 
[fee: -.I-=. 
6.67 
7.1E 
7.91 
6.9; 
5.37 
7.33 
5.76 
7.30 
7.18 
6.57 
8.12 
8.41 
8.23 
a.12 
6.98 
7.f8 
9.02 
7.02 
8.89 
9.31 
7.83 

!!:I_9 

--- 
Gfoundwa!e, 

El evatlor 

~I!eo?zms! “--‘-2;2. 

217 
2.12 
1.9c 
2 07 
1 .a3 
1.79 
2 21 
0.63 
0.61 
1.38 
1.34 
1.21 
1.35 
0.46 
0.51 
1 .oEi 
1.24 
1.53 
1.62 
2.21 

_2:g 



Enlironmentd Sdence 8 Engheering Q Drum Storage Area 
Norfdk Naval Base 
Norldk, VrgMa 
MoMor Well Data Table 

MO&of ‘.. : i 
Gdl”. j pgy : .. :$@t.jpd :’ f?m :. 

fltihber 
@Gador a diOij 

y F?’ 

[f8~t-md,*kd-rnsf~~ ----=, (feet) 
19-Jan-93 Kr- 8.90 3693665.68 
19--Jan-93 9.7 9 35 3693850.52 

SW-3 19-J&-93 10.5 10.09 3693861.38 1071347.46 5-25 25 7.97 2 12 
SW-4 lS-Jan-93 9.0 882 3693807.66 1071283.66 10-25 25 6.92 1 9a 
SW-5 lS-Jan-93 7.5 7.44 3693890.65 1071253.30 lo-25 25 5.37 207 
SW-6 19-Jan-93 9.7 9.16 3693498.18 1071344.78 IO-25 25 7.33 1.83 
SW-7 19-Jan-93 8.2 7.55 3693771.24 1071222.56 IO-25 25 5.76 1.79 
SW-8 19-Jan-93 10.0 9.59 3693914.73 1071480.32 IO-25 25 7.38 2 21 
SW-9 IS-Jan-93 8.7 7.81 3693547.26 1071746.20 15-35 35 7.18 0.63 
SW-10 19-Jan-93 7.9 7.18 3693497.91 1071434.39 15-35 35 6.57 0.61 
3w-1 19-Jan-93 9.7 9.50 3693848.06 1071413.61 35-45 45 8.12 1.38 
IW-2 19-Jan-93 10.0 9.75 3693912.54 1071481.84 35-45 45 8.41 1.34 
IW-3 19-Jan-93 9.6 9.44 3693844.95 1071415.35 55-65 65 8.23 1.21 
3w-4 IS-Jan-93 9.8 9.47 3693906.79 1071483.33 55-65 65 8.12 1.35 
IW-5 19-Jan-93 8.7 7.44 3693544.86 1071746.48 35-45 45 6.98 0.46 
IW-6 19-Jan-93 7.8 7.69 3693498.18 1071439.00 35-45 45 7.18 0.51 
IW-7 19-Jan-93 10.2 10.10 3693572.21 1071353.11 40-50 50 9.02 1.08 
IW-8 19-Jan-93 9.3 8.26 3693685.11 1071714.60 15-40 40 7.02 1.24 
3w-1 19-Jan-93 9.0 10.42 3693796.73 1071442.05 8.89 a, 1.53 
SW-2 19-Jan-93 9.9 10.93 3693782.93 1071518.19 9.31 1.62! 
SW-3 19-Jan-93 10.0 10.04 3693880.03 1071460.64 7.83 2.21 
ZW-4 19-Jan-93 9.8 11.00 * .I- 3693947.64 !071406.91 _______ 8.79 -- -.-I.. 2.21 



Enrironmentd Sdence & Engineering Q Drum Storage Area 
Norfdk Naval Base 
Norfdk, Wgida 
Mot&or Wdl Data Table 

SW-4 
IS-Jan-93 9.7 9.35 10-25 25 718 217 
19-Jan-93 10.5 10.09 3693861.38 1071347.46 5-25 25 7 97 2 12 

SW-4 is-Jan-93 9.0 882 3693807.66 1071283.66 10-25 25 6.92 1.9c 
SW-5 19-Jan-93 7.5 7.44 3693890.65 1071253.30 lo-25 25 5.37 207 
SW-6 19-Jan-93 9.7 9.16 3693498.18 1071344.78 IO-25 25 7.33 1.83 
SW-7 19-Jan-93 8.2 7.55 3693771.24 1071222.56 IO-25 25 5.76 1.79 
SW-8 19-Jan-93 10.0 9.59 3693914.73 1071480.32 lo-25 25 7.38 221 
SW-9 19-Jan-93 8.7 7.81 3693547.26 1071746.20 15-35 35 7.18 0.63 
SW-10 19-Jan-93 7.9 7.18 3693497.91 fO7f434.39 15-35 35 6.57 061 
3w-1 t9-Jan-93 9.7 9.50 3693848.06 1071413.61 35-45 45 8.12 130 
?W-2 f9-Jan-93 10.0 9.75 3693912.54 1071481.84 35-45 45 8.41 1.34 
IW-3 19-Jan-93 9.6 9.44 3693844.95 1071415.35 55-65 65 8.23 I.21 
IW-4 19-Jan-93 9.8 9.47 3693906.79 1071483.33 55-65 65 8.12 1.35 
3W-6 19-Jan-93 8.7 7.44 3693544.86 1071746.48 35-45 45 6.98 0.46 
IW-6 19-Jan-93 7.8 7.69 3693498.18 1071439.00 35-45 45 7.18 0.51 
3w-7 lS-Jan-93 10.2 10.10 3693572.21 1071353.11 40-50 50 9.02 1.08 
IW-8 i9-Jan-93 9.3 8.26 3693685.11 1071714.60 15-40 40 7.02 1.24 

10.42 3693796.73 1071442.05 8.69 1.53 ,, 
10.93 3693782.93 1071518.19 9.31 1.62 
10.04 3693880.03 1071460.64 7.83 2.21 
I!.00 3693947.s 1071406.9! 87~~ 2.2i -.- 



Enrironmentd sdence & Engineering 

MO& .:;:1’1 
xz.&i i 

Nuinber 
iixTm== 
SW-3 
SW-4 
SW-4 
SW-5 
SW-6 
SW-7 
SW-8 
SW-9 
SW-10 
DW-1 
IW-2 
IW-3 
IW-4 
IW-5 
IW-6 
IW-7 
IW-8 
;w-1 
SW-2 
SW-3 
GW-j 

19-Jan-g: 
19-Jan-S: 
IS-Jan-S: 
IS-Jan-91 
19-Jan-g< 
19-Jan-92 
19-Jan-S: 
19-Jan-g: 
19-Jan-SC 
19-Jan-93 
19-Jan-93 
f9-Jan-93 
19-Jan-93 
IS-Jan-93 
19-Jan-93 
IS-Jan-93 
IS-Jan-93 
IS-Jan-93 
19-Jan-93 
19-Jan-93 
19-Jan-93 
19-Jae 

-i::, ..:;:i.‘:i&jq 

!E@& 
"f&w& 

9:7 
10.5 
9s 
7.5 
9.7 
8.2 

10.0 
8.7 
7.9 
9.7 

10.0 
9.6 
9.8 
8.7 
7.8 

10.2 
9.3 
9.0 
9.9 

10.0 
9,8 

:_ 
P!” 

f3 0di0f 
&et-rnd -a-.-a- 
---8:g 

9.3: 
10.0: 
8 8: 
7.44 
9.1E 
7.55 
9.5s 
7.81 
7.10 
9.5a 
9.75 
9.44 
9.47 
7.44 
7.69 

10.10 
6.26 

10.42 
10.93 
10.04 
11.00 -ez 

(feel) 
36m 
3693850.5: 
3693861.3E 
3693807.6E 
3693890.6E 
3693498.1E 
3693771.24 
3693914.7: 
3693547.2f 
3693497.91 
3693848.06 
3693912.54 
3693844.95 
3693906.79 
3693544.86 
3693498.18 
3693572.21 
3693685.11 
3693796.73 
3693782.93 
3693880.03 
369394't64 

Q Drum Storage Area 
Norfdk Naval Base 
Notfdk, virgilia 
Moritor Well Data Table 

p!y!!! 
Ifed 

1071430.3: 
1071411.51 
1071347.46 
1071283.6f 
1071253.3C 
1071344.7E 
1071222.56 
1071480.3: 
10717462C 
1071434.3s 
1071413.61 
1071481.84 
1071415.35 
1071483.33 
1071746.48 
1071439.00 
1071353.11 
1071714.60 
1071442.05 
1071518.19 
1071460.64 

~~(I!406.91 d-f 

-.L...-- 

Screen 

rntentai 

---. I!ee!l - 
-7FzE- 

lo-25 
5-25 
IO-25 
lo-25 
IO-25 
to-25 
IO-25 
15-35 
15-35 
35-45 
35-45 
55-65 
55-65 
35-45 
35-45 
40-50 
15-40 

Dep?htt 
sdiiir 

2: 
2: 
25 
2: 
2: 
2: 
25 
35 
35 
45 
45 
65 
65 
45 
45 
50 
40 

Depth! t 
Wi& 

- g$ 

7.lE 
7.97 
6.9; 
5 37 
7.3; 
5.76 
7.313 
7.18 

6.57 
8.12 
8.41 
8.23 
8.12 
6.98 
7.18 
9.02 
7.02 
8.69 
9.31 
7.83 
8.79 -a-- 

Grounchef~ 

El ekitlor 

~f!E!3!sl' __--_----! 
2.z 
217 
2.1;: 
1.9c 
2 07 
182 
1.79 
221 
063 
0.61 
1.38 
1.34 
1.21 
1.35 
0.46 
0.51 
1.08 
1.24 
1.53 
1.62 
2.21 
2.21 --rt 



Enbifonmentid Science d Engineering 

pJOnlW ‘% 
N$‘I j 

Nhiber 
ggjgj 

SW-Y2 
SW-i 
SW-4 
SW-5 
SW-6 
SW-7 
sw-a 
SW-Q 
SW-10 
DW- 1 
DW-2 
DW-3 
DW-4 
DW-5 
DW-6 
DW-7 
DW-a 
GW-1 
GW-2 
QW-3 
SW-4 

,‘. ., Q&g.: j: .:: 
. . . ! . ;r { .; ? 

IQ-Jan-S 9.4 a.9 
IQ-Jan-91 9.7 9.35 
IQ-J&-Q: 10.5 10.05 
IQ-Jan-91 9.0 8.82 
IQ-Jan-93 7.5 7.44 
IQ-Jan-93 9.7 9.16 
IQ-Jan-93 a.2 7.55 
19-Jan-93 10.0 9.59 
IQ-Jan-93 a.7 7.81 
'Q-Jan-93 7.9 7.18 
Q-Jan-93 9.7 9.50 
g-Jan-93 10.0 9.75 
g-Jan-93 9.6 9.44 
g-Jan-93 9.8 9.47 
g-Jan-93 6.7 7.44 
Q-Jan-93 7.8 7.69 
Q-Jan-93 10.2 10.10 
Q-Jan-93 9.3 8.26 
Q-Jan-93 9.0 10.42 
Q-Jan-93 9.9 10.93 
9-Jan-93 io.0 10.04 
9-Jan-93 9.8 go0 -- 

Q Drum Storage Area 
NorfdkNaval Base 
Notidk, l&giria 
hloritor Well Data Table 

:; .i..: ‘ma.,. 

. :j:.: 

(feet) 
3693865.61 
3693850.5: 
3693861.31 
3693807.66 
3693690.61 
3693498.1E 
3693771.21 
3693914.71 
3693547.26 
3693497.91 
3693848.06 
3693912.54 
3693844.95 
3693906.79 
3693544.86 
3693498.18 
3693572.21 
3693685.11 
3693796.73 
3693782.93 
3693860.03 
3693947.64 

[feet) 
1071430.3: 
10714115: 
1071347.46 
1071263.61 
1071253.31 
1071344.7E 
1071222.56 
1071480.32 
1071746.2C 
107i434.39 
1071413.61 
1071481.64 
1071415.35 
1071483.33 
1071746.48 
1071439.00 
1071353.11 
1071714.60 
1071442.05 
1071518.19 
30?!460.64 

.-.... 
scyeq 
lntetii 

_.. Ifget);_ --:a-- 
10-25 
10-25 
5-25 
IO-25 
lo-25 
lo-25 
lo-25 
lo-25 
15-35 
15-35 
35-45 
35-45 
55-65 
55-65 
35-45 
35-45 
40-50 
15-40 

-.- 
pep!! !’ 
So~ofr 

-.-.i f!E$ ---. 
2; 
2E 
2E 
2E 
25 
25 
25 
35 
35 
45 
45 
65 
65 
45 
45 
50 
40 

--- - -~- -- 

T;: 

6.67'- 
t-z:-:::= 

2 2: 
718 2.1; 
7.97 2.1: 
6.92 1.9( 
5.37 2.0; 
7.33 1.01 
5.76 1.7s 
7.38 2.21 
7.18 0.6; 
6.57 061 
8.12 1.3& 
a.41 I.34 
0.23 1.21 
6.12 1.35 
6.98 0.46 
7.18 0.51 
9.02 1 .oa 
7.02 1.24 
a.89 % 1.53 
9.31 1.62 
7.83 2.21 

-..,A!:E? 221 -:-* 



Encironmenid Science & Engineering 

MOdlM .i.: 
~~li’i i 

Number 
ziw=i-- 
SW:2 
SW-3 
SW-4 
SW-5 
SW-6 
SW-7 
sw-a 
SW-Q 
SW-10 
DW- 1 
3w-2 
IW-3 
IW-4 
3w-5 
1W-6 
IW-7 
IW-6 
;w-1 
;w-2 
3w-3 
GW-4 

19-Jan-93 
lQ-Jan-93 
lQ-Jan-93 
19-Jan-93 
lQ-Jan-93 
IQ-Jan-93 
IQ-Jan-93 
IQ-Jan-93 
IQ-Jan-93 
IQ-Jan-93 
IQ-Jan-93 
19-Jan-93 
IQ-Jan-93 
IQ-Jan-93 
IQ-Jan-93 
19-Jan-93 
19-Jan-93 
19-Jan-93 
g-Jan-93 
Q-Jan-93 
Q-Jan-93 
iQ-Jan-93 

-:: ::.:+(jfl 

p&t16 
(f&Mris 

9.4 
9.7 

10.5 
9.c 
7.5 
9.7 
8.2 

1o.a 
0.7 
7.9 
9.7 

10.0 
9.6 
9.8 
a.7 
7.8 

10.2 
9.3 
9.0 
9.9 

10.0 
9.6 

. . : :: 
eirr 

El WiiiOi- 

&.itiktgg] 
P--e - . 

a.Qa 
935 

1009 
002 
7.44 
9.16 
7.55 
9.59 
7.81 
7.18 
9.50 
9.75 
9.44 
9.47 
7.44 
7.69 

10.10 
8.26 

10.42 
10.93 
10.04 
11.00 -1- 

(feet] 
3693865.68 
3693850.52 
3693661.38 
3693807.66 
3693890.65 
3693496.10 
369377V.24 
3693914.73 
3693547.26 
3693497.91 
3693848.06 
3693912.54 
3693844.95 
3693906.79 
3693544.86 
3693496.18 
3693572.21 
3693685.d 
3693796.73 
3693782.93 
3693860.03 
36939472 

Cl Drum Sforagu Area 
Norfdk Naval Bass 
Nofldk, Mrgiiia 
Mon'tor Wdt Data Table 

P$!-- .,I . . . 

(feet) 
1071430.32 
1071411.51 
1071347.46 
1071263.66 
1071253.30 
1071344.78 
1071222.56 
1071480.32 
1071746.20 
1071434.39 
1071413.61 
1071481.84 
1071415.35 
1071483.33 
1071746.48 
1071439.00 
1071353.11 
1071714.60 
1071442.05 
io7I518.19 
1071460.64 

JO71406.91 ----.- - 

Screefi 
Interni 

.-_ f!ee!l - -*----x 
10-25 
IO-25 
5-25 
lo-25 
IO-25 
IO-25 
IO-25 
lo-25 
15-35 
15-35 
35-45 
35-45 
55-65 
55-65 
35-45 
35-45 
40-50 
15-40 

pep!htc 
0otl&Tl 

25 
25 
25 
25 
25 
25 
25 
35 
35 
45 
45 
65 
65 
45 
45 
50 
40 

Depl!! I( 
Wile 

--- fs!!j ------ 

7.10 
797 
6.92 
5.37 
7.33 
5.76 
7.30 
7.18 
6.57 
8.12 
8.41 
8.23 
8.12 
6.98 
7.18 
9.02 
7.02 
8.89 
9.31 
7.83 
a.79 i-m 

-.. -..-.-.- 

?hxwlwete~ 

Elevation 

~~f_e~~rrn~l --d2w-Fj 

217 
2.12 
1.90 
207 
1.83 
I.79 
2.21 
063 
061 
1.30 
1.34 
1.21 
1.35 
0.46 
0.51 
1.08 
I.24 
1.53 
I.62 
2.21 
221 --U 



Entironmentd Schnce & Engineering 

Modfor-’ .:$ 
Eireir:‘!’ f 

fbiiilb8f 

!zcm=- 

SW-3 
SW-d 
SW-4 
SW-5 
SW-6 
SW-7 
SW-8 
SW-9 
SW-10 
3w-1 
1w-2 
1w-3 
1w-4 
IW-5 
3W-6 
1w-7 
IW-8 
SW-1 
SW-2 
GW-3 
GW-4 

. . . . . . . . D&r,&‘. 

:: : L., :. 
:,: f I\: 

lg.-Jan-g: 
19-Jan-9: 
19-Jan-g: 
19-Jan-92 
19-Jan-91 
19-Jan-91 
19-Jan-91 
19-Jan-g: 
19-Jan-92 
19-Jan-93 
19-Jan-93 
19-Jan-93 
~9-Jan-93 
g-Jan-93 
g-Jan-93 
g-Jan-93 
g-Jan-93 
g-Jan-93 
g-Jan-93 
;9- Jan-93 
I9-Jan-93 
19-Jan-96 

..:.;. . . . ..+&j(jn 
gS&o 

_u”Bta; 

9.i 
10.5 
9.c 
7.: 
9.7 
8.2 

10.0 
8.7 
7.9 
9.7 

10.0 
9.6 
9.8 
8.7 
7.8 

10.2 
9.3 
9.0 
9.9 

10.0 
9.8 

: ..:‘: .;.. 
!?jn 

fi 8Vi40! 

Jf&t4ilsf ---- 
8% 
9.3f 

100: 
8 8; 
7.44 
9.lE 
7.55 
9.59 
7.81 
7.10 
9.50 
9.75 
9.44 
9.47 
7.44 
7.69 

10.10 
8.26 

10.42 
10.93 
10.04 
11 .oo A- 

.;. “: pjj ,’ 

. . .i 

[feet) 

36938656t 
3693850.5: 
3693861.31 
3693807.6E 
3693890.65 
3693498.1E 
3693771.24 
3693914.73 
3693547.26 
3693497.91 
3693848.06 
3693912.54 
3693844.95 
3693906.79 
3693544.86 
3693498.18 
3693572.21 
3693685.11 
3693796.73 
3693782.93 
3693880.03 
3693947.64 

P Drum Storage Area 
NorfdkNaval Base 
No&k, ltrgirfa 
Moritor Well Data rable 
.---- - 

p9! j ,;i!. 

(f88t) 

1071430.3: 
1071411.51 
1071347.46 
1071283.6C 
1071253.3C 

, 107f344.7E 
1071222.56 
1071480.32 
1071746.20 
1071434.39 
1071413.61 
1071481.84 
1071415.35 
1071483.33 
1071746.48 
1071439.00 
1071353.11 
1071714.60 
1071442.05 
1071518.19 
1071460.64 
10714069j 

sC!“e!j 
lntefval 
[feet) -. e-b* -*.----S 

10-25 
to-25 
5-25 
10-25 
lo-25 
10-25 
IO-25 
lo-25 
15-35 
15-35 
35-45 
35-45 
55-65 
55-65 
35-45 
35-45 
40-50 
15-40 

pvt’! !’ 
ao@l 

-_ I!!!!!! ----- 
2! 
2f 
2: 
21 
2f 
2: 
2: 
2: 
3: 
35 
45 
45 
65 
65 
45 
45 
50 
40 

-. [fee 
-iiz-l 

7 tt 
7.97 
6.9: 
5.3i 
7.3: 
5.7E 
7.3E 
7.18 
6.57 
8.12 
8.41 
8.23 
8.12 
6.98 
7.18 
9.02 
7.02 
0.89 
9.31 
7.63 
@79 L, 

Groundweti 

El eiatior 

.dE!!rm~ p---f:z= 
2.2; 
21; 
2.1; 
1.9c 
207 
1.62 
1.7: 
221 
063 
061 
1.38 
1.34 
1.21 
1.35 
0.46 
0.51 
1.08 
1.24 
1.53 
1.62 
2.21 
2.21 -.'f 



Entironmentd Sdence & Engineering Q Drum Storage Area 
Norf.dk Naval Base 
Norfdk, virgiria 
Motitor Well Data Table 

MOfd~p 

Wdi” . 

Nuihber 
sw=i-- 
SW-2 
SW-3 
SW-4 
SW-5 
SW-6 
SW-7 
SW-8 
SW-9 
SW-10 
DW-1 
DW-2 
DW-3 
DW-4 
DW-5 
DW-6 
DW-7 
DW-8 
GW-1 
GW-2 
GW-3 
gw-4 

19-Jan-91 
19-Jan-9: 
19-Jan-91 
19-Jan-91 
19-Jan-91 
19-Jan-92 
19-Jan-92 
19-Jan-93 
19-Jan-93 
19-Jan-93 
19-Jan-93 
f9-Jan-93 
19-Jan-93 
II)-Jan-93 
19-Jan-93 
19-Jan-93 
19--Jan-93 
19-Jan-93 
19-Jan-93 
la-Jan-93 
19-Jan-93 
!9-Jan-93 

10.5 10.0: 
9.0 882 
7.5 7.44 
9.7 9.16 
8.2 7.55 

10.0 9.59 
8.7 7.81 
7.9 7.18 

9.50 
9.75 

9.6 9.44 
9.8 9.47 
8.7 7.44 
7.8 7.69 

10.2 10.10 
9.3 8.26 
9.0 10.42 
9.9 10.93 

10.0 10.04 
9.8 p.00 *- 

-3i%k 
3693850:5: 
3693861.3E 
3693807.6E 
3693890.65 
3693498.163 
3693771.24 
3693914.73 
3693547.26 
3693497.91 
3693848.06 
3693912.54 
3693844.95 
3693906.79 
3693544.86 
3693498.18 
3693572.21 
3693685.11 
3693796.73 
3693782.93 
3693880.03 
369394764 2, 

-+%4k 
1071411 5; 
1071347.46 
1071283.6E 
1071253.3C 
1071344.7E 
1071222.5~ 
1071480.34 
1071746.2C 
1071434.39 
1071413.61 
1071481.84 
1071415.35 
1071403.33 
1071746.48 
1071439.00 
1071353.11 
1071714.60 
1071442.05 
1071518.19 
1071460.64 

1gblp6.21 

..-. _... _- 

SC[88? 

ht&d 
__ f!_e_e!L - ---e-w 

lo-25 
IO-25 
5-25 
10-25 
to-25 
IO-25 
IO-25 
IO-25 
15-35 
15-35 
35-45 
35-45 
55-65 
55-65 
35-45 
35-45 
40-50 
15-40 

--. 
ppth I( 
l3ilttii-f 

25 
25 
25 
25 
25 
25 
35 
35 
45 
45 
65 
65 
45 
45 
50 
40 

Depth t 
ihit 

-- _ & 

7lE 
7.97 
69; 
537 
7.33 
5.76 
7.38 
7.18 
6.57 
8.12 
8.41 
8.23 
8.12 
6.98 
7.18 
9.02 
7.02 
6.89 
9.31 
7.83 
879 --L-m 

Groundwate 
El ebatiol 

__l!E!z!?!sl --.-..-- 
2.2: 
2 1; 
2.1: 
1.9( 
201 
1.0: 
1.7< 
2 21 
0.6: 
0.61 
1.3E 
1.34 
1.21 
1.3E 
0.4E 
0.51 
1 .oa 
1.24 

. 1.53 
1.62 
2.21 
2.21 -.-. 



Encironmentd Sdence & Engineering 

‘Monitor: j.!; 

G&g!: f 

Nutiber 
!iiwT= 
SW-+ 
SW-3 
SW-4 
SW-5 
SW-6 
SW-7 
SW-8 
SW-9 
SW-10 
DW-1 
IW-2 
JW-3 
1w-4 
IW-5 
IW-6 
JW-7 
IW-8 
SW-1 
BW-2 
GW-3 
E-4 

.::.:: 
P!” 

Hsvaiio~ 
_I!&.tisr 

--*v-e- 
Ki3-t 
9.3: 

10.0: 
8.82 
7.44 
9.re 
7.55 
9.59 
7.81 
7.18 
9.50 
9.75 
9.44 
9.47 
7.44 
7.69 

10.10 
8.28 

10.42 
10.93 
10.04 
11.00 
; l - 

.., +,:‘:‘“.:~st.;’ : 

f -.i :. : 
: 

3693861.31 
3693807.66 
3693890.6: 
3693498.1E 
3693771.24 
3693914.73 
3693547.26 
3693497.91 
3693848.06 
3693912.54 
3693844.95 
3693906.79 
3693544.88 
3693498.18 
3693572.21 
3693665.11 
3693796.73 
3693782.93 
3893880.03 
3693947.fSJ 

Q Drum Storage Area 
Noddk Naval base 
Notfdk, Vrgiria 
Modtor Wdl Oata Table 

- 

P h 
at :i ( ::: 

-+%4& 
1071411:5; 
1071347.46 
1071283.66 
1071253.3C 
1071344.7E 
1071222.56 
1071480.32 
1071746.20 
1071434.39 
1071413.61 
1071481.84 
1071415.35 
1071483.33 
1071746.48 
1071439.00 
1071353.11 
1071714.60 
1071442.05 
1071518.19 
iO75460.64 

JoflOJ 

.- 
SC!?fJ! 
lnt+l 

Af!4r!r- .-.-e---e- 

lo-25 
5-25 
10-25 
10-25 
IO-25 
10-25 
IO-25 
15-35 
15-35 
35-45 
35-45 
55-65 
55-65 
35-45 
35-45 
40-50 
15-40 

-- 
pqfi 1’ 

ElO@lil 

--. I!!!$! 
~ -3 

2: 
2f 
2f 
2: 
21 
2: 
2f 
35 
35 
45 
45 
65 
65 
45 
45 
50 
40 

- 3 
7 1 

1 
5 

5 

5 

j 

j 

i 

i 

i 

i 

i 

i 

I 

I 

I 

---. ----_ 

Depth11 
Wale 

__- I$%; -----a 

7.18 
7.97 
6.92 
5.37 
7.33 
5.76 
7.38 
7.18 
6.57 
8.12 
8.41 
8.23 
8.12 
6.98 
7.18 
9.02 
7.02 
8.89 
9.31 
7.83 
8.79 -a--- 

_...- - _-_ - 

Crounclwate 
Eletatlor 

.-- ~f!_e_e?3?E! --____- 
2.2: 
2.li 
2.1: 
1.9c 
2.07 
1.8: 
1.7s 
2.21 
063 
0.61 
1.30 
1.34 
1.21 
1.35 
0.46 
0.51 
1.08 
I.24 
1.53 
1.62 
2.21 
2,g 



Entironmentd Sdence & Enqineering 

‘M6dtw::‘; 
x&” i 

&$iiber 
svp-i 
SW2 
SW-3 
SW-4 
SW-5 
SW-6 
SW-7 
SW-8 
SW-9 
SW-10 
DW-1 
DW-2 
DW-3 
DW-4 
DW-5 
DW-6 
DW-7 
DW-8 
GW-1 
GW-2 
GW-3 
GW-4 

:.. pate:.:::. 
i . . , . . < :.-; ; .,.:; 

lQ-Jan-g: 
IS-Jzyv-9: 
lG-Jan-92 
19-Jan-91 
19-Jan-91 
1%Jan-92 
1%Jan-92 
19-Jan-93 
1%Jan-93 
19-Jan-93 
1%Jan-93 
'g-Jan-93 
g-Jan-93 
g-Jan-93 
g-Jan-93 
g-Jan-93 
g-Jan-93 
g-Jan-93 
g-Jan-93 
9-Jan-93 
g-Jan-93 
[g-Jan-93 

:+.. .i++ 

pNatld 
(f&h; 

9:1 
10.5 
9.c 
7.5 
9.7 
8.2 

10.0 
8.7 
7.9 
9.7 

10.0 
9.6 
9.8 
8.7 
7.8 

10.2 
9.3 
9.0 
9.9 

10.0 
9.8 

..:..;:: 
P!” 

El waiiol 
d&&t-msf e--e- 
----Tm 

9.3: 
1 O.OE 
8.8: 
7.44 
9.16 
7x 
9.55 
7.81 
7.10 
9.50 
9.75 

* 9.44 
9.47 
7.44 
7.69 

10.10 
8.26 

10.42 
10.93 
10.04 
lj.00 

..: ..:.:..: ‘.p$ ; ‘: 

(fef?t) 

3693865.66 
3693850.5: 
3693861.31 
3693807.61 
3693890.6: 
3693498.1E 
3693771.24 
3693914.79 
3693547.26 
3693497.91 
3693848.06 
3693912.54 
3693844.95 
3693906.79 
3693544.86 
3693498.18 
3693572.21 
3693685.1 f 
3693796.73 
3693782.93 
3693880.03 
3693947.64 

Q Drum Storage Area 
Norfdk Naval Bass 
Notfdk, lhyida 
Moritor We!/ Data Table 

----- 
f!!$~ 

(feel) 
1071430.3;i 
1071411.51 
1071347.46 
1071283.66 
1071253.30 
1071344.78 
1071222.56 
1071480.32 
1071746.20 
1071434.39 
1071413.61 
1071481.84 
1071415.35 
1071483.33 
1071746.48 
1071439.00 
1071353.11 
1071714.60 
1071442.05 
1071518.19 
1071460.64 
1 OtJ406.91 

.- 
swy 
Interval 
(feet] 1 -=- ---- ------- 

lo-25 
lo-25 
5-25 
10-25 
IO-25 
IO-25 
IO-25 
lo-25 
15-35 
15-35 
35-45 
35-45 
55-65 
55-65 
35-45 
35-45 
40-50 
15-40 

peptp 
l3OttOrr 

-[&?$, 
f 

2f 
2: 
2s 
2: 
2: 
2s 
25 
35 
35 
45 
45 
65 
65 
45 
45 
50 
40 

B 
- -:--: 

6.67' 
-*‘-=z- :tt= 

2.2: 
718 2 1; 
797 2 1: 
6.92 1.9( 
5.37 2 0; 
7.33 1.0: 
576 1.7; 
7.38 2.21 
7.18 0.6: 
6.57 061 
8.12 1.3E 
8.41 1.34 
8.23 1.21 
8.12 1.35 
6.98 0.4E 
7.18 0.51 
9.02 1.00 
7.02 1.24 
8.89 . 1.53 
9.31 1.62 
7.83 2.21 

-.--AE 2:2! 



Edronmentd Science & Engineering 

[W 
,$izl:;’ f 

Number 
c%m== 
SW:2 
SW-3 
SW-4 
SW-5 
SW-6 
SW-7 
SW-8 
SW-9 
SW-10 
DW- 1 
3w-2 
IW-3 
IW-4 
IW-5 
)W-6 
IIW-7 
3W-8 
GW-1 
GW-2 
GW-3 
oy-4 

19-'J&-93 
19-Jan-93 
19-Jan-93 
19-Jan-93 
19-Jan-93 
19-Jan-93 
19-Jan-93 
19-Jan-93 
19-Jan-93 
19-Jan-93 
19-Jan-93 
19-Jan-93 
19-Jan-93 
19-Jan-93 
19-Jan-93 
19-Jan-93 
19-Jan-93 
19-Jan-93 
19-Jan-93 
Is-Jam 

I"?' :';i"&hr! 

#.& 

(lirim~ 

9.i 
10.: 
9.c 
72 
9.1 
8.2 

10.0 
8.7 

9':; 
10.0 
9.6 
9.8 
8.7 
7.8 

10.2 
9.3 
9.0 
9.9 

10.0 
9.i 

/:-- ,. .,. f .: 
I?!! 

Eevaiiol 
&it-msi --= 

8.3 
9.3: 

10.0: 
6.82 
7.44 
9.1E 
7.55 
9.59 
7.81 
7.16 
9.50 
9.75 
9.44 
9.47 
7.44 
7.69 

10.10 
8.26 

10.42 
10.93 
10.04 
p.oa ~*- 

-.:‘.:::::;:‘i f+ ,. 

: 

(feet) 
36938m 
3693850.5: 
3693861.36 
3693607.66 
3693890.6: 
3693496.1E 
3693771.24 
3693914.72 
3693547.26 
3693497.91 
3693848.06 
3693912.54 
3693844.95 
3693906.79 
3693544.86 
3693498.18 
3693572.21 
3693685.11 
3693796.73 
3693782.93 
3693860.03 
3693947.64 

0 Drum Storage Area 
Norfdk Naval Base 
No&k, Wgida 
MoMor Well Data Table 

p!y!J i 

(f0fd) 

1071430.3: 
1071411.51 
1071347.46 
1071263.6~ 
1071253.31 
1071344.7E 
1071222.56 
1071480.32 
1071746.20 
1071434.39 
1071413.61 
1071481.84 
1071415.35 
1071483.33 
1071746.48 
1071439.00 
1071353.11 
1071714.60 
1071442.05 
1071518.19 
iO'ii460.64 

10'11406.91 

~- 

scjq 
Intend 

.- ffee~l ---__L- 
IO-25 
lo-25 
5-25 
10-25 
lo-25 
lo-25 
10-25 
10-25 
15-35 
15-35 
35-45 
35-45 
55-65 
55-65 
35-45 
35-45 
40-50 
15-40 

pep!h t( 
aogir 

- f!d!l 
----2$ 

2E 
25 
25 
25 
25 
25 
25 
35 
35 
45 
45 
65 
65 
45 
45 
50 
40 

-- 
7 

Grounctwa~e 
Elebalioi 

7.16 21; 
7.97 2.1: 
6.92 1.9c 
5.37 2.01 
7.33 1.0: 
5.76 1.75 
7.38 2.21 
7.18 063 
6.57 0.61 
8.12 1.38 

8.41 1.34 
8.23 1.21 
8.12 1.35 
6.98 0.46 
7.18 0.51 
9.02 1.08 
7.02 1.24 
8.89' 1.53 
9.31 1.62 



Entironmentd Sdence 8 Engineering 

MO&of -2; 
G&‘: i 

Ftimber 
SW-1 
SW-72 
SW-3 
SW-4 
SW-5 
SW-6 
SW-7 
SW-8 
SW-9 
SW-10 
IW-1 
IW-2 
IW-3 
IW-4 
IW-5 
IW-6 
IW-7 
IW-8 
zw-1 
SW-2 
SW-3 
GW-4 

. . p&p : 

$ : :., :- i : < .-’ 

19-Jan-92 
19-Jan-91 
19-Jan-91 
19-Jan-91 
19-Jan-91 
19-Jan-9C 
19-Jan-92 
19-Jan-93 
19-Jan-93 
19-Jan-93 
'g-Jan-93 
g-Jan-93 
g-Jan-93 
g-Jan-93 
g-Jan-93 
g-Jan-93 
g-Jan-93 
g-Jan-93 
g-Jan-93 
g-Jan-93 
#g-Jan-93 
[g-Jan-93 

9.7 93: 
10.5 10.0: 
9.0 884 
7.5 7.44 
9.7 9.16 
8.2 7.55 

10.0 9.59 
8.7 7.81 
7.9 7.18 
9.7 9.50 

10.0 9.75 
9.6 9.44 
9.8 9.47 
8.7 7.44 
7.8 7.69 

10.2 10.10 
9.3 8.26 
9.0 10.42 
9.9 10.93 

10.0 10.04 
9.8 !l.OO *- 

. 

/feet) 
3693865.61 
3693850.5; 
3693861.36 
3693807.6E 
3693890.6E 
3693498.1& 
3693771.24 
3693914.73 
3693547.26 
3693497.91 
3693848.06 
3693912.54 
3693844.95 
3693906.79 
3693544.86 
3693498.18 
3693572.21 
3693685.11 
3693796.73 
3693782.93 
3693880.03 
36939472 

Q Drum Storage Area 
Norfdk Naval Base 
Norfdk, Vrghia 
Motitor Well Data Table 

P h al- :. :: ::: 
[feet) 

1071430.3: 
1071411.51 
1071347.46 
1071283.6E 
1071253.31: 
1071344.7E 
1071222.56 
1071480.3: 
1071746.2C 
1073434.39 
1071413.61 
1071481.84 
1071415.35 
1071483.33 
1071746.48 
1071439.00 
1071353.11 
1071714.60 
1071442.05 
1071518.19 
1071460.64 

_lfil!Sos.l! 

-.__- 
scf”y 
interval 

- Ifee! -----Z 
10-25 
10 -.- 25 
5-25 
lo-25 
IO-25 
lo-25 
lo-25 
lo-25 
15-35 
15-35 
35-45 
35-45 
55-65 
55-65 
35-45 
35-45 
40-50 
15-40 

_---_ 

Depth 1~ 
sofiorr 

-A!!%$ 
c 

2E 
25 
25 
25 
25 
25 
25 
35 
35 
45 
45 
65 
65 
45 
45 
50 
40 

Depth t 

Wa!i 

-. {;;j -----. 

7.1E 
7 97 
6.9; 
537 
7.33 
5.76 
7.38 
7.18 
6.57 
8.12 
8.41 
8.23 
8.12 
6.98 
7.18 
9.02 
7.02 
8.09 
9.31 
7.83 

i--m! 

Groundwaje 
BeYatiol 

--~!E!Yis! ----- 
2.2: 
2 1; 
2.1: 
1.9( 
2.0; 
1.0: 
1.7s 
2 21 
06: 
061 
1.3E 
1.34 
1.21 
1.35 
0.46 
0.51 
1.06 
1.24 
1 .!a 
1.62 
2.21 
2.21 -.- 



Entironmentd Sdence & Engbeering Q Drum Storage Area 
Norfdk Naval Base 
No&k, Vrghia 
Mon’tor Well Data Table 

SW-ii 
19-,J?n-9: 
19-Jan-91 

SW-4 19-Jan-92 
SW-5 19-Jan-91 
SW-6 19-Jan-9: 
SW-7 19-Jan-92 
SW-8 19-Jan-93 
SW-9 19-Jan-93 
SW-10 19-Jan-93 
3w- 1 19-Jan-93 
IW-2 19-Jan-93 
IW-3 19-Jan-93 
IW-4 19-Jan-93 
IW-5 19-Jan-93 
IW-6 W-Jan-93 
IW-7 19-Jan-93 
IW-8 19-Jan-93 
SW-1 19-Jan-93 
SW-2 19-Jan-93 
GW-3 19-Jan-93 
GW-4 19-Jan-93 

9.4 6% 
9.7 9.35 

10.5 10.0~ 
9.0 8.82 
7.5 7.44 
9.7 9.16 
6.2 7.55 

10.0 9.59 
6.7 7.61 
7.9 7.10 
9.7 9.50 

10.0 9.75 
9.6 9.44 
9.6 9.47 
6.7 7.44 
7.0 7.69 

10.2 10.10 
9.3 8.26 
9.0 10.42 
9.9 10.93 

10.0 10.04 
9.6 L I! 00 

&3et) 
36936656E 
3693650.5: 
3693661.36 
3693607.66 
3693890.65 
3693498.18 
3693771.24 
3693914.73 
3693547.26 
3693497.91 
3693648.06 
3693912.54 
3693644.95 
3693906.79 
3693544.66 
3693498.18 
3693572.21 
3693685.11 
3693796.73 
3693782.93 
3693880.03 
3693947.64 

-__--- .- 
: :$:: P h 

1071347.4fz 
1071283.66 
1071253.3a 
1071344.78 
1071222.56 
1071480.32 
1071746.20 
1071434.39 
1071413.61 
1071481.84 
1071415.35 
1071483.33 
107f746.46 
1071439.00 
1071353.11 
1071714.60 
1071442.05 
1071518.19 
1071460.64 

Jl7aO8.9! -- 

.~ -*--- 
scrp?” 
Mepa! 

..- Wl’ --I-Z:-= 
lo-25 
IO-25 
5-25 
10-25 
IO-25 
IO-25 
IO-25 
IO-25 
15-35 
15-35 
35-45 
35-45 
55-65 
55-65 
35-45 
35-45 
40-50 
15-40 

pP?p 
0ottcil 

-.. f!e!i! -e-e 
2: 
2: 
2: 
2: 
2E 
2f 
2: 
2E 
35 
35 
45 
4s 
65 
65 
45 
45 
50 
40 

__- ----- 

Deptfj I 

Wil!i 
pj3 A-=& 
6.6r 
7.1[ 
7.97 
6.9: 
5.37 
7.3: 
5.7E 
7.38 
7.18 
6.57 
8.12 
6.41 
8.23 
6.12 
6.98 
7.16 
9.02 
7.02 
8.89 
9.31 
7.83 
8.79 ---- 

--- -- . 

Groundwa?eI 
El eba!ior 

--f!@!?:~!!~ 
2.x 
2.17 
2.1: 
i.9a 
2.07 
1.83 
1.79 
2.21 
063 
0.61 
1.38 
1.34 
1.21 
1.35 
0.46 
0.51 
1.08 
1.24 
1.53 
1.62 
2.21 
2:Pi 



EnLironmentat Science & Engineering 

war?tM:“j 
wet i 
Number 
ggj7 

SW-+ 
SW-3 
SW-4 
SW-5 
SW-6 
SW-7 
SW-6 
SW-9 
SW-10 
DW- 1 
DW-2 
DW-3 
3w-4 
1W-5 
3W-6 
3w-7 
3W-6 
GW-1 
GW-2 
GW-3 
GW-q 

: p&p: 

, : : ? :. 
1:: .” 

19-Jan-g< 
19-Jan-92 
19-Jan-92 
19-Jan-92 
19-Jan-93 
19-Jan-93 
19-Jan-93 
19-Jan-93 
19-Jan-93 
19-Jan-93 
19-Jan-93 
19-Jan-93 
19-Jan-93 
19-Jan-93 
19-Jan-93 
I9-Jan-93 
19-Jan-93 
19-Jan-93 
19-Jan-93 
19-Jan-93 
19-Jan-93 
!9-Jay93 

-...:: .. .y jI :f@p 

ptiiiati0 
Jf&Smsi --- 

9.4 
9.7 

10.5 
9.0 
7.5 
9.7 
a.2 

10.0 
6.7 
7.9 
9.7 

10.0 
9.6 
9.8 
8.7 
7.6 

10.2 
9.3 
9.0 
9.9 

10.0 
9.6 

.,:j 

&kit-msl’ *--*_--! 
8% 
9.35 

10.0s 
6.82 
7.44 
9.16 
7.55 
9.59 
7.81 
7.16 
9.50 
9.75 
9.44 
9.47 
7.44 
7.69 

10.10 
6.26 

10.42 
10.93 
10.04 
p.00 --- 

*h 
369385Oi: 
3693861.3E 
3693807.6E 
3693890.6: 
3693496.1 e 
3693771.24 
3693914.73 
3693547.26 
3693497.91 
3693848.06 
3693912.54 
3693844.95 
3693906.79 
3693544.86 
3693498.18 
3693572.21 
3693685.11 
3693796.73 
3693762.93 
3693880.03 
3693997.64 

Cl Drum Storage Area 
Norfdk Naval Base 
Norfdk, l4rgfda 
Morilor Well Data Table 

-.A!Z!l-- 
1071430.3~ 
1071411.51 
1071347.4e 
1071263.66 
1071253.3C 
1071344.7E 
1071222.56 
1071480.32 
1071746..20 
1071434.39 
1071413.61 
lo?/4al.84 
1071415.35 
1071483.33 
1071746.48 
1071439.00 
1071353.11 
1071714.60 
1071442.05 
1071518.19 
1071460.64 
lfi(UljO6.91 -.-t 

..- A-- 

Scyn 
rntervai 

- f!e!?!L - e---e. - 
10-25 
IO-25 
5-25 
10-25 
lo-25 
10-25 
10-25 
10-25 
15-35 
15-35 
35-45 
35-45 
55-65 
55-65 
35-45 
35-45 
40-50 
15-40 

Depth tc 
Bbttixr 

_ f!ee!l *--. 
25 
25 
25 
25 
25 
25 
2s 
25 

i 35 
35 
45 
45 
65 
65 
45 
45 
50 
40 

_. .._ - --- 

Depth t 
Wi!E 

I_ f!y!; -e--s. 

7.1E 
7.97 
6.92 
5.37 
7.33 
5.76 
7.30 
7.18 
6.57 
8.12 
8.41 
8.23 
8.12 
6.98 
7.18 
9.02 
7.02 
8.89 
9.3'r 
7.63 

S:19 

Groundwate~ 

D ebatlor 
Jeekm~l *I--f-I::=. 

2.z 
217 
2.12 
1.90 
207 
1.83 
1.79 
2.21 
063 
0.61 
1.38 
1.34 
1.21 
I.35 
0.46 
0.51 
1.08 
1.24 
1.53 
1.62 
2.21 
2.21 -r=: 



Enrironmentd Sdence & Engineering Q Drum Storage Area 
Noridk Naval Base 
Norldk, virgilia 
Motitor Well Data Table 

Mdtar .g:: 

trl:~ ; 

Nuihber 
sw=i-- 
SW-2 
SW-3 
SW-4 
SW-5 
SW-6 
SW-7 
SW-8 
SW-9 
SW-10 
3w-1 
IW-2 
IW-3 
IW-4 
IW-5 
IW-6 
IW-7 
IW-8 
zw-1 
3W-2 
3w-3 
SW-4 

19-Jan-Q: 
19-Jan-g: 
f9-Jan-g: 
IS-Jan-g: 
19-Jan-g: 
19-Jan-91 
19-Jan-g: 
19-Jan-92 
19-Jan-93 
19-Jan-93 
19-Jan-93 
'g-Jan-93 
g-Jan-93 
g-Jan-93 
g-Jan-93 
g-Jan-93 
S-Jan-93 
g-Jan-93 
g-Jan-93 
g-Jan-93 
g-Jan-93 
:9-Jan-93 

9.7 9.3: 
IO.5 10 OI 
9.0 8 8; 
7.5 7.44 
9.7 9.lfi 
8.2 7.55 

10.0 9.59 
a.7 7.81 
7.9 7.18 
9.7 9.50 

10.0 9.75 
9.6 9.44 
9.8 9.47 
8.7 7.44 
7.6 7.69 

10.2 10.10 
9.3 6.26 
9.0 10.42 
9.9 10.93 

IO.0 10.04 
9.61 11 .oo a- 

::: .::.::.::.::ps. ,’ .: 

3693650.5: 
3693861.36 
3693807.6f 
3693890.6f 
3693498.1E 
3693771.24 
3693914.72 
3693547.26 
3693497.91 
3693648.06 
3693912.54 
3693844.95 
3693906.79 
3693544.86 
3693498.18 
3693572.21 
3693665.11 
3693796.73 
3693782.93 
3693660.03 
3693947.64 

1071411.51 lo-25 
1071347.46 5-25 
1071283.66 to-25 
1071253.30 lo-25 
1071344.78 IO-25 
1071222.56 to-25 
1071480.32 lo-25 
1071746.20 15-35 
1071434.39 15-35 
1071413.61 35-45 
1071481.84 35-45 
1071415.35 55-65 
1071483.33 55-65 
1071746.48 35-45 
1071439.00 35-45 
1071353.11 40-50 
1071714.60 15-40 
1071442.05 
1071518.19 

: Dep!t$~ 
sottbrl 

~ I!!%! 
---3 

2! 
2f 
21 
2! 
2: 
2: 
25 
3: 
3: 
4E 
45 
65 
65 
45 
45 
50 
40 

Grouncha!e 
Elebatiol 

718 2 1; 
7.97 2.1: 
6.92 1.9t 
5.37 204 
7.33 1.0: 
5.76 1.7$ 
7.30 2.21 
f.lE 0.6; 
6.57 0.61 
6.12 1.38 
8.41 I.34 
8.23 1.21 
8.12 1.35 
6.98 0.46 
7.18 0.51 
9.02 1.08 
7.02 1.24 
6.89, l 1.53 
9.31 1.62 
7.63 2.21 
6,791 2:2! 



Appendix F 

Well Construction Diagrams 



MW NO. DW-1 DATE 1 Ol4lQO 

PROJECT Q Area. Nor4lk Naval Base INSTALLED BY Hardin-Huber _ _ 

TYPE O’F RIG Mobile FILE NAME 28538-01 

Ground Surface - 

ii 

Protective Manhole Cover 

/’ 
/- Locking Well Cap 

/ .,.*’ 
/’ .,’ 

Maeter Lock No. 

Grout 

30 feet 

Bentonite 

32.5 feet 

45 feet 

Type of Backfill Arouna - 
Riser Pipe 

Typo & Sire of Pipe 
B-Inch PVC 

Slot Size 
10 Inch 

Top of Screen 
38 hot 

Total Well Depth 
0.5 ket 

Sediment Trap .--, 

INSPECTED BY M. Skrobacz 

I Environmental 
Science & 

I 
Engineering 

I I 
Job No. DwglFwv No 

a’ent NAVFAC 
Figure 

PQ21150 D-LDRW I 



MW NO. DW-2 

PROJECT Q Area. Norfolk Naval Base 

TYPE OF RIG Mobile 

DATE Q/27/90 

, NSTA~D By Hardin-Huber 

FILE NAME 2630-D2 - 

Protective Manhole Cover 

Ground Surface - 

/’ ,,~‘--- Locking Well Cap 

Master Lock No. 

/’ /’ 

Grout 

27.5 fert 

Bentonite 

31.5 feet 

45 feet 

Type of Eackf~ll Arourr: - 

Riser Pipe 

Type & Size of Pipe 
Z-Inch PVC 

Sot Size 
10 Inch 

Depth of Sand/Gravel - 

Pedc 
Top of Screen 

34 feet 

Total Well Depth 
Sediment Trap 

0.5 feet 

INSPECTED BY M. Skrobacr 

I Environmental 
Science & 

Job No. 
4921150 

I 
l&g/Rev No aiont NAVFAC 

flgura 
D-LDRW I 



MW NO. DW-3 DATE 12/f 4102 

PROJECT Q Area. Norfolk Naval Base INSTALLED BY Groundwater Systems, Inc. 

TYPE OF RIG Acker FILE NAME 283603 

,- Protective Manhole Cover 

/ 

Ground Surface -, 
,i’ ; *i- Locking Well Cap 

18 04 
i’ ,’ 

Meeter Lock No. -- 

Grout 

45 feet 

Bentonite 

50 feet 

65 tee1 

Type of Sacktill Around -, w 
Type &Slze of Pipe 

P-Inch PVC 

-. . -. 10 Inch 

Riser Pipe 

Depth of SandlGravei -’ 

Paok 
SS hat 

-- 

. 

:.:.:.y.:.:. 

:‘.‘.‘: 
Sediment Trap -- 

INSPECTED BY A. Forrest 

Environmental 
Science & 
Engineering 

I I 
Job No. 

4921150 
bvg/fbv No 

D-l.DRW aknt NAVFAC I 



MW NO. DW-4 DATE 12l14lQ2 

PROJECT Q Area. Norfolk Navai Base INSTALLED BY Groundwater Systems, Inc. 

TYPE OF RIG ,vzker FILE NAME 2858-04 - 

Protecbve Manhole Cover 

Ground Surface -. 

/ 

/ ’ 
I’ 

I Locking Well Cap 

Mader Lock No. IB 041 
, ,.,I’ 

Grout 

45 feet 

Eientonite 

50 feet 

85 feet 

Type of SacMill Around - 

Riser Pipe 

Depth of Sand/Gravel - 

Pack ‘.~.~.‘.‘.’ 

FE 
..I.. :.y,:.:.:.:. .,.... ‘. ;::: 

Total Well Depth 

of Pipe 
P-Inch PVC 

Slot Size 
10 Inch 

Top of Screen 
55 feet 

Lb. Sediment Trap 

INSPECTED BY A. Forrest 

I 

Environmental 
Science & 
Engineering 

uam 

Drawn By 

Job No. 
4021150 

seal. Inl. 
NTS MONITOR WELL 

Approved By INSTALUTlON DIAGRAM 
Dug/Rev No Went Rgurr 

D-l.DRW NAVFAC 



MW NO. DW-5 DATE 1 f!Yo3 
I 

I PROJECT Q Area. Norfolk Naval Base INSTALLED BY Groundwater Systems. Inc. . I 

TYPE OF RIG Acker FILE NAME 263805 

I 
Protective Manhole Cover . 

Ground Suriaco - 

i 
,f’ ,- Locking Well Cap 

.I’ Master Lock No. 18 041 
,’ 

Grout 

25 feet 

Bentonite 

30 feet 

45 feet 

; I 
&/, 1’ 

- Top of Riser 

Typm of Sac!dill Around - 
Rhr Pipe 

Depth to Seal 
Matmriai 

Typo & Size of Pipe 
9~lnrh PVT? 

Pack 

Total Well Depth 

Slot size 
10 inch 

35 feet 
Top of Semen 

Sedlmant Trap -- 

INSPECTED BY A. Forrest 

Environmental Oatr 
Scala Title 

NTS MONITOR WELL 
Science & Drawn By Approved By INSTALLAnON DIAGRAM 
Engineering Job No. 

4921150 
~~/Arv No aht 

D-l.DRW NAVFAC 



MW NO. DWS DATE 1 /B/93 

I PROJECT Q Area. Norfolk Naval Base INSTALLED BY Grounawater Systems, Inc. 
I 

TYPE OF RIG Acker FILE NAME 2038-06 - 

Ground Surface 

Grout 

25 feet 

Bentonite 

30 feet 

45 feet 

Protective Manhole Cover , 

/. 
/ ./’ 

,- Locking Well Cap 

Maeter Lock No. IB 041 
, .’ 

Slot Size 
10 Inch 

Type of @a&fill Around - 

Riser Pipe 

Type & Sire of ripe 
z-inch PVC 

Mabrial 

Matarial 

Depth of Sand/Gravel - ’ 

Pack 
Top of Screen 

35 feet 

Total Well Depth 
Sedlment Trap 

I NS PECTED BY A. Forreti 

I 

Environmentai “am 
scale TiUO 

NTS MONITOR WELL 
Science & Drawn By Approved ey INSTALLATION DIAGRAM 
Engineering Job Nob2t 150 Dwg/flev No FigtJr. 

D-LDRW a”nt NAVFAC 



P 

,/=----Y 

MW NO. DW-7 DATE 1 rrias 

PROJECT Q Area, Norfolk Naval Base INSTALLED BY Groundwater Systems. inc. 

TYPE OF RIG Ackor FILE NAME 2658-07 

/- Prctectivo Manhole Cover 
/ 

Grout 

30 hot 

Bentonrte 

35 hot 

50 feet 

/ 
,r Locking Well Cap 

/“’ 

Mastor Lock No. I0 041 
-- 

of Pip* 

Ground Surface 

Typo of Backfill Around - 
Rl8er Plpr 

.. . . et-- 10 inch 

Depth of Sand/Gravel - 

Pack ............ ....... ....... ........ ....... ....... ....... ....... ....... ........ ....... ....... ....... ....... ....... ...... ....... ...... ....... ....... ....... ....... ....... ....... ....... ...... ....... ....... ....... ....... ....... ....... ....... ....... ....... ....... ....... ....... ....... ....... ....... ....... ....... ....... ....... ....... ....... ....... ....... ....... ....... 

40 feet 

H- 

1 op 01 screen --, V.’ . . . , . . . .~~.~.‘.‘.‘.’ . . 
‘.’ ‘.‘.‘.’ . : :.,.:.y:: 
‘.‘.‘.I’ . 

Total Well Depth 
Sediment Trap -- 

INSPECTED BY A. Forteat 

I 

Data 

Environmentai 
SCSI* Title 

NTS MONITOR WELL 
Science & Drawn 6y Approved 0y INSTALIATION DIAGRAM 
Engineering I Job No. 491,,50 ~~~~~~ aknt NAVFAC WJm 

- 



MW NO. DW-8 DATE 1 B/93 

PROJECT C Area. Norfolk Naval Ease INSTALLED BY Groundwater Systems, Inc. 

TYPE OF RIG ‘cker FILE NAME 2635-08 - 

Protective Manhole Cover 

I 
/, ,I Locking Well Cap 

IB 041 
Ground Surface - ,’ Mader Lock No. 

\ ,’ _,’ 
\ 

Grout 
Typo of Backfill Around - 

Riser Pipe 

Type & Size of Pipe 
Z-inch PVC 

5 feet 
Slot Size 

10 Inch 

Bentonlte 

10 feet Depth of Sand/Gravel - ’ 15teJet 

Pack 

40 feet 
Total Well Depth 

Sediment Trap 

INSPECTED BY A. Forrest 

nvironmental I Oati 
Science & 
Engineering 

Scalr lx!. 
MS MONITOR WELL 

Drawn By Approved By ! 
___- ____ -__ _.-- 
INSTALLATION DIAGRAM 

Job No. 4D21150 / CIIont 
NAVFAC 

Rguro 
I 



MW NO. SW-1 DATE 1 olmo 

PROJECT Q Area. Norfolk Naval Baee INSTALLED BY Hardin-Huber - _ 

TYPE OF RIG Mob”e FILE NAME 263641 

I- Protective Manhole Cover 
/ 

i - Locking Well Cap 

Maeter Lock No. -- Ground Suticm - 

Typa of Backfill Around 

Bontonite 

6 hot Depth of Sand/Gravri - 

Peck 

25 feet 

of Pipe 
n-inch PVC 

Slot Size 
10 inch 

Top of Scmmn 
9.5 feet 

Sediment Trap 
0.5 feet 

INSPECTED BY M. Skrobacr 

Environmental Oatl 
&al. Tit!. 

MS MONITOR WELL 
Science & Drawn By A’3fmf.d 0y INSTALLATION DIAGRAM 
Engineering - Job No. 492,,5o Dyg;; 

I alont NAVFAC 



MW NO. SW-2 DATE 1 O/I I90 

PROJECT Q Area, Norfolk Naval Ease INSTALLED BY Hardin-Huber 

TYPE OF RIG Mobile FILE NAME 263842 - 

Ground Surface - 
\ 

Grout 

5 feet 

Bentonite 

7.5 feet 

25 feet 

,- Protectwe Manhole Cover 

i 
/ / - Locking Well Cap 

/- Master Lock No. 

Type of Backfill Around - 

Riser Pipe 

Type & Size of Pipe 
a-inch PVC 

Slot Size 
lo inch 

Depth of Sand/Gravel - 

Pack 

Total Well Depth 

Top of Screen 
10 feet 

Sediment Trap 
0.5 feet 

INSPECTED BY M. Skrobacz 
I 

I 
Engineering 

, I 
Job No. Figure 

4921150 
Dwg/Rev No 

Il.1 .IIQW “ont NAVFAC 



MW NO. SW-3 
DATE 9/28/90 

PROJECT Cl Area. Norfolk Naval Base INSTALLED BY Hardin-Hubw _ 

TYPE OF RIG Mobile FILE NAME 233343 
- 

Ground Surface - 
\ 

,- Protective Manhole Cover 

/;/i 

I-- 
Locking Well Cup 

/ 
Maeter Lock No. 

Grout 

1.5 feet 

Bentonite 

4 feet 

25 feet 

Typo & Sire of Pipe 
&Inch PVC 

Slot Size 
IO Inch 

Type of Backfill Around - 

Ricer Pipe 

Total Well Depth 

4.3 feet 

Sediment Trap 
0.5 feet 

INSPECTED BY M. Skrobau 

I 

I Environmental 
Science & I I 

-_ 
I 

Engineering Job No. 
4921150 

bv@Rev No alrnt 
NAVFAC 

5”- 
D-LDRW 



MW NO. SW4 DATE 9126190 

PROJECT 
Q Area. Norfolk Navar Base , NSTAkED By Hardin-Huber 

TYPE OF RIG Mobi’e FILE NAME 
263884 - 

Ground Surface - 
\ 

\ 

Protective Manhole Cover 

,/” 

/ - Locking Well Cap 
,,/ ,/” Master Lock No. 

,/ /’ 

,-- Top of Riser 

Grout 

5.9 feet 

Bentonite 

7.5 feet 

Type of Backfill Around 

Riser Pipe 

Depth of Sand/Gravel - 

I:;: 
..‘. . :::: 1.:. . . . . 

:I= 

‘. 
:.. .‘. .’ 

I .‘. : 

Type & Size of Pipe 
z-inch PVC 

Slot Size 
lo Inch 

Top of Screen 
9.5 feet 

Pack :::: 
::::, 

::.: 
:: .:: :. 

::.:: 
.‘.’ ‘. :. 

:;. 
:::: 

. ::.: . :::. . :::. 
:::: ,.... 

25 feet Total Well Depth 
Sediment Trao 

0.5 feet 

INSPECTED BY 
M. Skrobacz 

Environmental 
Science & 
Engineering 

Date Seal. Title 
NTS MONITOR WELL 

Drawn By Approvmd By INSTALLATION DIAGRAM 
Job No. 

4921150 
‘lwg/Rev No Flgum 

D-l.DRW “ent NAVFAC 



-..-.. 

. *- 

MW NO. SW-5 DATE 9/25/m 

PROJECT Q Area, Norfolk Naval Bane INSTALLED BY Hardin-Huber . _ 

TYPE OF RIG Mob”* FILE NAME 25s5-s 
- 

Protactivr Manhole Cover 

i’/ 

/- 
Locking Well Cap 

Ground Surface - Master Lock No. 

\ /” 

Grout 

Eontoni 

7 kot 

25 feat 

Typo & Size of Pipe 
2-inch PVC Type of Backfill Around 

Rl8or Pipe 

Ilrpth of Sand/Gravel - 

Total Wall Depth 

Top of Scnen .--, 

INSPECTED BY M. Skrobacz 

I 

Environmental 
Science & 
Engineering 

I 
Job No. Dwg/Rov No 

I 
Cant Flguro 

4021150 D-LDRW NAVFAC I 



MW NO. SW-6 DATE 9/20/90 

PROJECT Q Area. Norfolk Naval Ease 1 NSTALED By Hardin-Huber 

TYPE OF RIG Mobi’e FILE NAME 2658-56 - 

Y Protective Manhole Cover 
/ 

,- Locking Well Cap 

Ground Surface - \ 
Master Lock No. 

Grout 

5 fert 

Bentonite 

7.5 teat 

25 tart 

Type of &I&fill Around - 

Riser Pipe 

- Type BSlz :e of Pipe 
P-Inch PVC 

Material 
Slot Size 

10 Inch 

Material 

Pack Y9.i ‘.‘.’ -:: ::. : 
. ..I :: ‘.A’ ‘.‘.‘.~. 

! I 
.” “. ‘. I :.. A...... . 

- .- 
Top of Screen 

1ofe.t 

...... ....... ....... ...... FE ...... ...... ....... ...... ....... ...... ....... ...... ...... .i i 
‘.‘ 

/I . . :::. :. ::. 
I::::.. 
:::::: 
‘.’ ‘:::: 

Sediment Trap 
0.5 feet 

INSPECTED BY M. Skrobacr 

Environmental 
Science & 
Engineering 

Data Scala TiMa 
NT3 MONITOR WELL 

Drawn 5y Approved By INSTALLATION DIAGRAM 
Job No. 

4021150 
Dwg/Rev No alont Figure 

D-LDRW NAVFAC 



MW NO. SW-7 
DATE 1 O/l t90 

PROJECT Q Area. NortDlk Naval Base INSTALLED BY Hard’n-Huber. . 

TYPE OF RIG Mobi’e FILE NAME 2638-37 

,- Protective Manhole Cover 

/ A-- Locking Well Cap 

Ground Surface -, / / 
Maeter Lock No. -- 

Grout 

8 hot 

Bentonits 

8 feet 

25 feet 

Typo of Backfill Around 
Riser Pipe 

Typa 81 Size of Pipe 
P-inch PVC 

Slot Size 
10 inch 

Material 

Depth of Sand/Gravel - I’ 
Pack 

lOfeet 
Top of Screen 

Total Weli Depth 
0.5 feet 

Sediment Trap 

INSPECTED BY M. Skrobacz 

I 

Environmental Oati 
SCd* Tie NTS 

Science & 
MONITOR WELL 

Drawn By Approved By 

Engineering 
INSTALLATION DIAGRAM 

Job No. 
4921150 

Dwg/Rev No Client 
NAVFAC 

flgure 
D-l.DRW 



MW NO. SW-8 DATE 9127190 

PROJECT Q Area. Norfolk Naval Base INSTALLED BY Hardin-Huber - 

TYPE OF RIG Mobi’* FILE NAME 2638S3 

Protective Manhole Cover 

Ground Surface - 

- Locking Well Cap 

Master Lock No. 
, 

,’ 
,-- Top of Riser 

Grout 

Bfeet 

Bentonite 

8 feet 

25 feet 

Type of Backfill Around - , 

Rlaor Pipe 

Material 

Matmrial 

Type &Size of Pipe 
P-Inch PVC 

Slot Size 
10 inch 

Top of Screen 
10 feet 

Sediment Trap 
0.5 feet 

INSPECTED BY M. Skrobact 

I 

Environmentai Dat, 
Scale Tiie 

NTS MONITOR WELL 
Science & Drawn By Approved By INSTALLATION DIAGRAM __ 
Engineering Job No. 

4921150 
Dwg/Rev No albnt Figure 

D.1J)R.W NAVFAC 



MW NO. SW-9 DATE 1 IWO3 

PROJECT Q Area, Norfolk Naval Base INSTALLED BY Groundwater Sytims, Inc. . 

TYPE OF RIG Acker FILE NAME 263a-SB 
- 

Protective Manhole Cover 

Ground Surface - 
\ 

Grout 

5 hot 

Bentonlte 

lOfeet 

35 feet 

/ - Looking Well Cap 
/’ Mtier Lock No. IB 041 

Type of Sack-till Around 
Riser Pipe 

Type & Size of Pipe 
P-Inch PVC 

Slot Sk0 
10 Inch 

Depth of Sand/Gravel - ’ -Fe- -‘.3---- 15fe.t 

Pack 

Sediment Trap -- 

INSPECTED BY A. Forreet 

I 

Environmental Oatr 
Scde Title 

NTB 

Science & 
MONITOR WELL 
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RVFS Analytical Summaries 
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.Table.G-1 (Cont.) Summary of Analytical Data for Volatile Organics.inSoil GC Samples (us/l). 
.. .;,: 

QC SAMPLE EQBLK PP-1 EQBLK PP-2 

)ETECTION DETECTION . 
LIMIT CONC. LIMIT CONC. COMPOUND 

CHLOROMETHANE 10 U 10 
BROMOMETHANE 10 U 10 
VINYL CHLORIDE 10 U 10 
CHLOROETHANE 10 U 10 
METHYLENE CHLORIDE 5 7 B 5 
ACETONE 10 U 10 
CARBON DISULFIDE 5 U 5 
I ,I-DICHLOROETHENE 5 U 5 
1 ,l-DICHLOROETHANE 5 U 5 
1 ,ZDICHLOROETHENE 5 U 5 
CHLOROFORM 5 U 5 
12-DICHLOROETHANE 5 U 5 
2-BUTANONE 10 U 10 
1 ,l ,l-TRICHLOROETHANE 5 U 5 
CARBON TETRACHLORIDE 5 U 5 
VINYL ACETATE 10 U 10 
BROMODICHLOROMETHANE 5 U 5 
1 ,ZDICHLOROPROPANE 5 U 5 
CIS-1,3-DICHLOROPROPENE 5 U 5 
TRICHLOROETHENE 5 U 5 
DIBROMOCHLOROMETHANE 5 U 5 
1 ,1,2-TRICHLOROETHANE 5 U 5 
BENZENE 5 U 5 
TRANS-1,3-DICHLOROPROPENE 5 U 5 
BROMOFORM 5 U 5 
eMETHYL-2-PENTANONE 10 U 10 
2-HEXANONE 10 U 10 
TETFWCHLOROETHENE 5 U 5 
1 ,1,2,2-TETRACHLOROETHANE 5 U s 
TOLUENE 5 U 5 
CHLOROBENZENE 5 U 5 
ETHYLBENZENE 5 U 5 
STYRENE 5 U 5 
TOTAL XYLENES 5 U 
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U 
U 
U 
7 
a 
U 
U 
U 
U 
U 
U 
U 
U 
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U 
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U 
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U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
3 

B - Analyte was found in the associated blank. 
E - Analyte concentrations exceeded the calibration range of the GC/MS instrument. 
U - Compound analyzed for but not detected 
J - Estimated concentration below detection limit 

B 
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E - Analyte concentrations exceeded the calibration range of the GCIMS instrument. J - Estimated concentration below detection limit 
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EN TA-I-l TA-I-2 TA-l-2-FD TA-5-I TA-5 

COMPOUND 

INITROANILINE 
ACENAPHTHENE 
2,6DINITROPHENOL 
4-NITROPHENOL 
DIBENZOFURAN 
2.4-DINITROTOLUENE 
DIETHYLPHTHALATE 
4GHLOROPHENYL.PHENYLETHI 
FLUORENE 
4-NITROANILINE 
4,6DINITR<IZMETHYLPHENOL 
N-NITROSODIPHENYLAMINE 
4-BROMOPHENYL-PHENYLETHE 
HEXACHLOROBENZENE 
PENTACHLOROPHENOL 
PHENANTHRENE 
ANTHRACENE 
DI-N-BWYLPHTHALATE 
FLUORANTHENE 
PYRENE 
BUTYLBENZYLPHTHALATE 
3.3’.DICHLOROBENZIDINE 
BENZO(A)ANTHRACENE 
CHRYSENE 
BlS(2-ETHYLHEXYL)PHTtlALATE 
DI-N-OCTYL PHTHALATE 
BENZO(B)FLUORANTHENE 
BENZO(K)FLUORANTHENE 
BENZO(A)PYRENE 
INDENO(1,2,3CD)PYRENE 
DlBENZ(A,H)ANTHRACENE 
BENZO(G,H,I)PERYLENE 
- 

Detection letection 
Umits 

1700 
low 
5100 
5100 
1000 
1000 
1000 
loo0 
loo0 
5100 
siw 
1000 
1000 
1000 
5100 
1000 
1000 
1000 
1000 
1000 
1000 
2100 
1000 
1000 
1000 
1000 
1000 
1000 
loo0 

:il 
1000 

Cone Umits Cone 
Detection 

Limits Cone 
Detection 

Limits 

U 1700 U 1700 U 25ooa 
U 300 U 350 U 5100 
U 1700 U 1700 U 25ooo 
U 1700 U 1700 U 25ooo 
U 300 U 350 U 5100 
U 300 U 350 U 5100 
U 300 U 350 U 5100 
U 300 U 350 U 51w 
U 300 U 350 U 5100 
U 1700 U 1700 U 25000 
U 300 U 1700 U 25ooa 
U 300 U 350 U 5100 
U 300 U 350 U 5100 
U 300 U 350 U 5100 
U 1700 U 1700 U 5100 
U 300 U 350 U 25000 
U 300 U 356 U 5100 
U 300 900 J 350 53 J 5100 
U 300 U 350 U 5100 
U 300 U 350 U 5100 
U 300 U 350 U 5100 
U 690 U 690 U 1OOMl 
U 300 U 350 U 5100 
U 300 U 350 U 5100 

020 J 300 U 350 980 5100 
U 300 U 350 U 5100 
U 300 U 350 U 5100 
U 300 U 350 U 5100 
U 300 U 350 U 5100 
U 300 U 350 U 5100 
U 300 U 350 U 5100 
U 300 U 350 U 5100 

Detection 
Cone Limits 

U 1700 
U 350 
U 1700 
U 1700 
U 350 
U 350 
U 350 
U 350 
U 350 
U 1700 
U 1700 
u 350 
U 350 
U 350 
U 1700 
U 360 
U 350 
U 350 
U 350 
U 350 
U 350 
U 710 
U 350 
U 350 
U 350 
U 350 
U 350 
U 350 
U 350 
U 350 
U 350 
U 350 

Cone 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

J - Estimated value that was found below detection limits. 
U - Compound was analyzed for but not detected. 
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SAMPLE NO. TA-l-l TA-1-2 TA-1-2-f-D TA-5-1 TA-5-2 

t- 
COMPOUND 

PHENOL 
BlS(2CHLOROETHYL)ETHER 
Z-CHLOROPHENOL 
1.3DICHLOROBENZENE 
l,+DICHLOROBENZENE 
BENZYL ALCOHOL 
1.2-DICHLOROBENZENE 
2-METHYLPHENOL 
BIS(2CHLOROISOPROPYL)ETHE 
4-METHYLPHENOL 
N-NITROSQDI-N-PROPYLAMINE 
HEXACHLOROETHANE 
NITROEENZENE 
ISOPHORONE 
2-NITROPHENOL 
2,CDIMETHYLPHENOL 
BENZOIC ACID 
BIS(2-CHLOROETHOXY)METHAN 
2,CDICHLOROPHENOL 
1‘2.4;TRICHLOROBENZENE 
NAPHTHALENE 
4CHLOROANlLlNE 
HEXACHLOROBUTADIENE 

I 4GHLORC3METHYLPHENOL 
2METHYLNAPHTHALENE 

Wxtion 
Lhlllt 

D&action 
Cont. Limit 

U 350 
U 356 
U 356 
U 356 
U 356 
U 350 
U 350 
U 350 
U 350 
U 350 
U 350 
U 350 
U 356 
U 350 
U 350 
U 350 
U 1706 
U 350 
U 350 

Cont. 
Detaction 

Limit 

1006 
1666 
1606 
1066 
1066 
loo0 
loo0 
1606 
loo0 
1006 
1666 
1606 
1606 
1606 
1606 
1666 
5166 
loo0 
1666 
lw0 
1066 
1006 
1666 
1606 
1066 
loo0 
1666 
5100 
loo0 
5166 
loo0 
1606 

U 350 
U 356 
U 356 
U 350 
U 350 
U 350 
U 350 
U 350 
U 1700 
U 350 
U 1700 
u 350 
U 350 

Detection 
Cont. Limtt 

U 356 
U 356 
U 356 
0 356 
U 356 
U 356 
u 356 
U 356 
U 356 
U 356 
U 356 
U 356 
U 356 
U 356 
U 356 
U 356 
U 1706 
U 356 
U 356 
U 356 
U 356 
U 356 
U 356 
U 356 
U 356 
U 356 
U 356 
U 1706 
U 356 
U 1766 
U 356 
U 356 

U 5100 
U 5166 
U 5166 
U 5100 

140 J 5106 
U 5106 
U 5100 
U 5106 
U 5106 
U 5106 
U 5106 
U 5106 
U 5106 
U 5100 
U 5100 
U 5106 
U 25006 
U 5100 
U 5100 
U 5100 
U 5106 
U 5100 
U 5106 
U 51cur 
U 5100 
U 5166 
U 5100 
U 25006 
U 5106 
U 25006 
U 5160 
U 5166 

Detection 
Cont. Limit 

U 356 
U 356 
U 356 
U 356 
U 350 
U 350 
U 350 
U 350 
U 350 
U 350 
U 350 
U 356 
U 350 
U 350 
U 350 
U 350 
U 1700 
U 356 
U 350 
U 350 
U 350 
U 350 
U 350 
U 350 
U 350 
U 350 
U 350 
U 1700 
U 350 
U 1706 
U 356 
U 356 

1666 u 350 u 356 u 5166 u 350 

HEXACHLOROCYCLOPENTADIEI 
2,4,6TRICHLOROPHENOL 
2.4,CTRICHLOROPHENOL 
2CHLORONAPHTHALENE 
2-NITROANILINE 

CENAPHTHYLENE 

J - Estimated value that WIS found below detection limits. U - Compound was analyred for but not detected 

Cont. 

U 
U 
U 
U 
110 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
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SAMPLE NO. PP PP-3-1 FD PP-3-2 pp+j-, - PP-6-2 P 
p8-1. 

PP-9-2 

CHLOROPHENOL . 

4-DICHLOROBENZENE 
NZYL ALCOHOL 

2.DICHLOROBENZENE 
METHYLPHENOL 
S(2CHLOROISOPROPYL)ETHE 
METHYLPHENOL 
NITROSO-DI-N-PROPYLAMINE 
XACHLOROETHANE 

TROBENZENE 

-NITROPHENOL 
.CDIMETHYLPHENOL 

.QDICHLOROPHENOL 

CHLOROANILINE 

Detection Detection Detection Detection 
Limit Cont. Cont. Cont. 

340 
340 
340 
340 
340 
340 
340 
340 
340 
340 
340 
340 
340 
340 
340 
340 

1799 
340 
340 
340 
340 
340 
340 
340 
340 
340 
340 

1796 
340 

1796 
340 
340 

I 

Cont. Limit Limit Cont. Limit Limit Cont. Limit Cont. Limit 

U 359 359 U 340 360 U 359 U 359 
U 359 356 U 340 360 U 356 U 359 
U 356 356 U 340 366 U 359 U 350 
U 359 356 U 340 360 U 359 U 350 
U 356 J 359 U 340 360 U 350 U 350 
U 356 359 U 340 360 U 359 U 350 
U 359 356 U 340 360 U 356 U 350 
U 359 359 U 340 360 U 350 U 350 
U 359 359 U 340 360 U 359 U 350 
U 359 356 U 340 366 U 350 U 359 
U 350 356 U 340 360 U 356 U 350 
U 350 350 U 340 360 U 350 U 350 
U 356 359 U 340 360 U 350 U 350 
U 359 359 U 340 360 U 359 U 350 
U 356 359 U 340 360 U 359 U 350 
U 359 359 U 340 360 U 350 U 350 
U 1790 1709 U 1609 1690 U 1799 U 1799 
U 359 359 U 340 369 U 369 U 350 
U 359 356 U 340 369 U 359 U 350 
U 359 356 U 340 369 U 359 U 350 
U 350 359 U 340 369 U 359 U 350 
U 359 356 U 340 366 U 359 U 350 
U 356 356 U 340 360 U 359 U 350 
U 356 359 U 340 360 U 356 U 350 
U 356 350 U 340 360 U 350 U 350 
U 350 350 U 340 369 U 359 U 350 
U 359 359 U 340 366 U 356 U 350 
U 1700 1799 U 1600 1600 U 1799 U 1799 
U 350 359 U 340 369 U 359 U 350 
U 1700 1799 U 1600 1606 U 1709 U 1799 
U 356 356 U 340 369 U 359 U 356 
U 359 356 U 340 366 U 356 U 356 

340 u 350 u 359 u 340 u 360 U 356 u 359 --- u-- 

U 
.U 

U 
U 

39 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

U 
U 
U 
U 
U 
U 
U 
U 
U 

120 J 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

J - Estimated value that was found below detection limits. U - Compound was analyzed for but not detacted 
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SAMPLE NO. PP-3-l PP-3-1 Fb PP-3-2 PP-6-1 PP62 PP-9-l PP-9-2 

NITROANILINE 
CENAPHTHENE 
4-DINITROPHENOL 
NITROPHENOL 
IBENZOFURAN 
4-DINITROTOLUENE 
IETHYLPHTHALATE 
CHLOROPHENYL-PHENYLETH 

NITROANILINE 
6-DINITRQ2-METHYLPHENOL 
-NITROSODIPHENYlAMINE 
BROMOPHENYL-PHENYLETHE 
EXACHLOROBENZENE 
ENTACHLOROPHENOL 
HENANTHRENE 

I-N-BUTYLPHTHAIATE 

)etection 
Limits 

1700 
340 

17W 
1700 

340 
340 
340 
340 
340 

1700 
1700 

340 
340 
340 

1700 
340 
340 
340 
340 
340 
340 
690 
340 
340 
340 
340 
340 
340 
340 
340 
340 
340 

Cone Lfmits 

U 1700 
U 350 
U 1700 
U 1700 
U 350 
U 350 
U 350 
U 350 
U 350 
U 1700 
U 1700 
U 350 
U 350 
U 350 
U 1700 
U 350 
U 350 
U 360 
U 350 
U 360 
U 350 
U 690 
U 350 
U 350 
U 350 
U 350 
U 350 
U 350 
U 350 
U 350 
U 350 
U 350 

Cone 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

Detection 
Llmits 

1700 
350 

1700 
1700 
350 
350 
350 
350 
350 

1700 
1700 
350 
350 
350 

1700 
350 
350 
350 
350 
350 
350 
710 
350 
350 
350 
350 
350 
350 
350 
350 
350 
350 

Detection 
Cone Limits 

U 1600 
U 340 
U 1600 
U 1600 
U 340 
U 340 
U 340 
U 340 
U 340 
U 1600 
U 1600 
U 340 
U 340 
U 340 
U 1600 
U 340 
U 340 
U 340 
U 340 
U '340 
U 340 
U 680 
U 340 
U 340 
U 340 
U 340 
U 340 
U 340 
U 340 
U 340 
U 340 
U 340 

Cone 
Detection 

Limits 

U 1800 
U 360 
U 1800 
U 1800 
U 360 
U 360 
U 360 
U 360 
U 360 
U 1800 
U 18W 
U 360 
U 360 
U 360 

:: 1800 360 
U 360 
U 360 
U 360 
U 360 
U 360 
U 730 
U 360 
U 360 
U 360 
U 360 
U 360 
U 360 
U 360 
U 360 
U 360 
U 360 

Detection Detection 
Cone Limits 

U 17aa 
U 350 
U 1700 
U 1700 
U 350 
U 350 
U 350 
U 350 
U 350 
U 1700 
U 1700 
U 350 
U 350 
U 350 
U 1700 
47 J 350 
U 350 
U 350 

46 J 350 
43 J 350 
U 350 
U 690 
U 350 
U 350 
U 350 
U 350 
U 350 
U 350 
U 350 
U 350 
U 350 
U 350 

Cont. Limits 

U 17w 
E 1700 350 

U 1700 
U 350 
U 350 
U 350 
U 350 
U 350 
U 1700 
U 1700 
U 350 
U 350 
U 350 
U 1700 
U 350 
U 350 
U 350 
U 350 
U 350 
U 350 

I u 690 
U 350 
U 350 
U 350 
U 350 
U 350 
U 350 
U 350 
U 350 
U 350 
U 350 

Cone 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

J - Estimated value that was found below detection limits 
U - Compound was analyzed for but not detected. 
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SAMPLE NO. PP-12-1 PP-12-2 MUD BGSS-2 
1 1 1 

t 
COMPOUND 

3-NITROANILINE 
ACENAPHTHENE 
2.4.DINITROPHENOL 
4-NITROPHENOL 
DIBENZOFURAN 
2,CDINITROTOLUENE 
DIETHYLPHTHALATE 
4CHLOROPHENYL-PHENYLETHI 
FLUORENE 
4-NITROANILINE 
4,6-DINITRO-2-METHYLPHENOL 
N-NITROSODIPHENYLAMINE 
4-BROMOPHENYL-PHENYLETHE 
HEXACHLOROBENZENE 
PENTACHLOROPHENOL 
PHENANTHRENE 
ANTHRACENE 
DI-N-BUTYLPHTHALATE 
FLUORANTHENE 
PYRENE 
BUNLBENZYLPHTHALATE 
3.3’-DICHLOROBENZIDINE 
BENZO(A)ANTHRACENE 
CHRYSENE 
BlS(2-ETHYLHEXYL)PHTHA!ATE 
DI-N-OCTYL PHTHALATE 
BENZO(B)FLUORANTHENE 
BENZO(K)FLUORANTHENE 
BENZO(A)PYRENE 
INDENO(l,Z,SCD)PYRENE 
DlBENZ(A.H)ANTHRACENE 
BENZO(G,H,I)PERYLENE 

-- 

etection 
Llmits 

Detection 
Cone Llmits 

U 1700 
U 360 
U 1700 
U 1700 
U 360 
U 360 
U 360 
U 360 
U 360 
U 1700 
U 1700 
U 360 
U 360 
U 360 

U 360 
U 360 
U 360 
U 360 
U 360 
U 720 
U 360 
U 360 U 
U 360 U 
U 360 
U 360 
U 360 
U 360 
U 360 
U 360 
U 360 

Cone 
Detection 

Limits 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

4WcKl 
8200 

40000 

8200 
8200 
8200 
8200 
82W 

40000 
40000 

82W 
8200 
8200 

4OOao 
8200 
8200 
8200 
82W 
8200 
82W 

16000 
8200 
8200 
8200 
8200 
8200 
8200 
8200 
8200 
8200 
8200 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

900 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

Detection 
Limits 

17w 
350 

1700 
17w 
350 
350 
350 
350 
350 

1700 
1700 
350 
350 
350 

17w 
350 
350 

J 350 
350 
350 
350 
700 
350 
350 
350 
350 
350 
350 
350 
350 
350 
350 

Cone 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

- II 

J - Estimated value that was found b s found below detection limits 
U - Compound was analyzed for but not detected. 



.:. ..:‘..Y .;y.: .,... ~.,,j,‘>‘,,,,. ‘.,I ,,,;..:. :::.. ‘. .. .(1..... : -,..:..:: ..:. .,:.. .:::., . . . ,. fi.‘, .‘fi.,.f .“‘II’.::“.‘.‘. .’ *.g?..iw) %!F!?!w olAnw4 paes f!?!S~ww@Qrga?jcs h.sd! @@a) .: :’ y...i . . .L . . . . . . . . . .: ._,. :c..:.: :jjr:::::::::::::,:j,::.,::. ..: . . . . . . . .:: :.:: .A: . .:.:; :, .; :.:,: ::, ::, :::: -3 ..:.:.:. . . . . :.. . . . . . . . . i. _. ,.,.........,.... ::..;. .~ . . . . . . . . . . . . . . ::. :. .:.. ..:.,.: ,., : .:,::. ., ,., ., :.:/::j...::..:::..~:..:.:.:... .:.> .:j.::::.:.:::: ..,j . . . .:...: :.:. .,::. :j :: .: .,.:.:. ,. .:,.. .., ..,:,:. .I::: :::,:.::‘:::“:.‘.:.‘-;‘-::,~ :.. .:. . . . ..:. ..:: . . ., .:., ,,: ,,.,., : .; 
SAMPLE NO. PP-12-1 PP-12-2 MUD 

COMPOUND 

PHENOL 
BIS(2CHLOROETHYL)ETHER 
PCHLOROPHENOL 
1,3-DICHLOROBENZENE 
1,4-DICHLOROBENZENE 
BENZYL ALCOHOL 
1.2.DICHLOROBENZENE 
2-METHYLPHENOL 
BlS(2CHLOROlSOPROPYL)ETHE 
4-METHYLPHENOL 
N-NITROSO-DI-N-PROPYLAMINE 
HEXACHLOROETHANE 
NITROBENZENE 
ISOPHORONE 
2-NITROPHENOL 
2,CDIMETHYLPHENOL 
BENZOIC ACID 
BlS(2CHLOROETHOXY)METHAN 
2.4-DICHLOROPHENOL 
1,2/&TRICHLOROBENZENE 
NAPHTHALENE 
4CHLOROANILINE 
HEXACHLOROBUTADIENE 
4CHLORatMETHYLPHENOL 
2-METHYLNAPHTHALENE 
HEXACHLOROCYCLOPENTADIEI 
2.4,6-TRICHLOROPHENOL 
2,4,ITRICHLOROPHENOL 
2CHLORONAPHTHALENE 
2-NITROANILINE 
DIMETHYL PHTHALATE 
ACENAPHTHYLENE 
2,BDINITROTOLUENE 

)etection 
Llmll Cont. 

21w 410 
2100 U 
2100 U 
2100 U 
21w U 
2100 U 
2100 U 
21w U 
2100 U 
2100 580 
2100 U 
2100 U 
2100 U 
2100 U 
2100 U 
2100 420 

lOOC0 U 
2100 U 
2100 U 
21w U 
2160 U 
2166 U 
21w U 
2100 U 

.21w U 
2100 U 
2100 U 

loo00 U 
2100 U 

1WQO U 
2100 U 
2100 U 
2100 u 

Detection 
Limit Cont. 

360 
360 
360 
360 
360 
360 
360 
360 
360 
360 
360 
360 
360 
360 
360 
360 

1700 
360 
360 
360 
360 
360 
360 
360 
360 
360 
360 

1700 
360 

1700 
360 
360 
360 U 

Detection 
Limit 

U 8200 U 
U 8200 U 
U 8200 U 
U 8200 U 
U 8200 U 
U 8200 U 
U 8200 U 
U 8200 U 
U 8200 U 
U 8200 U 
U 8200 U 
U 8200 U 
U 8200 U 
U 8200 U 
U 82W U 
U 8200 U 
U 4OOOa u 
U 8200 U 
U 8200 U 
U 82W U 
U 8200 U 
U 8200 U 
U 82W U 
U 8200 U 
U 8200 U. 
U 8200 U 
U 8200 U 
U 40000 u 
U 8200 U 
U 4OOOO u 
U 8200 U 
U 8200 U 

82W U 

Cont. 
Detection 

Limit 

350 
350 
350 
350 
350 
350 
350 
350 
350 
350 
350 
350 
350 
350 
350 
350 

1700 
350 
350 
350 
350 
350 
350 
350 
350 
350 
350 

1700 
356 

1700 
350 
356 
350 u 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

J - Estimated value that was found below detection limits. U - Compound was analyzed for but not detected. 



. . . . .: : . . . . ;. . . . . . . .,.::: .:.. . ,,: ..:.:::::x:.:.j ..,:, ., :.;;, .(:‘(:‘::: T!$+..,~2 .@$-) 8ummq d&wb@g .J&@ k:nem~*gb .prgsnics . . . . :yy’:~.:l:l :... . y .,.. . . .: :. ..:. ..:: .:, . 
SAMPLE NO:’ 

..:. . . ~.:~~““‘-“:~:‘:““.“:.::~,:‘:~:‘.~:.:::::.:~’~’:.:‘~.~: ,.:.,.:,>: .; : :;.’ .j :..:: ,: .,..., .,,, .:., ,. ,:::,..: :.,.:: :.:..:.:.. .,:.:.:::::.:::::.::: .: :. ,. :., ,. . . . 
HM21 _ - HM-2-2 HM-!i-1 .. 

COMPOUND 

SNITROANILINE 
ACENAPHTHENE 
2,4-DINITROPHENOL 
4-NITROPHENOL 
DIBENZOFURAN 
2,4-DINITROTOLUENE 
DIETHYLPHTHALATE 
4CHLOROPHENYL-PHENYLETHt 
FLUORENE 
4-NITROANILINE 
4.6DINITRO-2-METHYLPHENOL 
N-NITROSODIPHENYLAMINE 
4-BROMOPHENYL-PHENYLETHE 
HEXACHLOROBENZENE 
PENTACHLOROPHENOL 
PHENANTHRENE 
ANTHRACENE 
DI-N-BUNLPHTHALATE 
FLUORANTHENE 
PYRENE 
BUTYLBENZYLPHTHALATE 
3.3’-DICHLOROBENZIDINE 
BENZO(A)ANTHRACENE 
CHRYSENE 
BlS(2-ETHYLHEXYL)PHTHAtATE 
DI-N-OCTYL PHTHALATE 
BENZO(B)FLUORANTHENE 
BENZO(K)FLUORANTHENE 
BENZO(A)PYRENE 
INDENO(l.2.3-CD)PYRENE 
DlBENZ(A.H)ANTHRACENE 
BENZO(G,H.I)PERYLENE 

-- 

btection 
Limits 

17Wo 
3500 

170W 
17900 
3500 
3500 

3500 
3500 
6900 
3500 

Cone 
Detection 

Limits Cone Limits Cone Limits 
Detection Detection 

Cone Limits Cone Limits 

U 3500 u 3400 U 1600 U 6700 
U 720 U 660 U 330 U 1400 
U 3500 u 3400 U 18W U 6700 
U 3500 u 3400 U 1600 U 6700 
U 720 U 690 U 330 U 1400 
U 720 U 690 U 330 U 1400 
U 720 U 690 U 330 U 1400 
U 720 U 690 U 330 U 1400 
U 720 U 660 U 330 U 1400 
U 3500 u 3400 U 1600 U 67W 
U 3500 u 3400 U 1600 U 6700 
U 720 U 690 U 330 u 1400 
U 720 U 690 U 330 lJ 1400 
U 720 U 690 U 330 U 14W 
U 35W u 3400 U 1600 U 6700 
U 720 U 660 U 330 U 1400 
U 720 U 660 U 330 U 1400 
U 720 U 660 U 330 U 1400 

360 J 720 190 J 690 65 J 330 U 1400 
490 J 720 270 J 660 96 J 330 \I 1400 

U 720 U 690 U 330 U 1400 
U 1400 u 1400 U 660 U 26W 
U 720 170 J 690 U 330 ll 1400 
U 720 160 J 660 U 330 U 1400 

620 J 720 U 690 69 J 330 U 1400 
U 720 U 690 U 330 U 1400 
U 720 110 J 690 U 330 U 1400 
U 720 U 690 U 330 U 1400 
U 720 140 J 690 U 330 U 1400 
U 720 U 690 U 330 U 1400 
U 720 U 690 U 330 U 1400 
U 720 U 690 U 330 U 1400 

U 6600 
U 1600 
U 66W 
U 6600 
U 1600 
U 1600 
U 1600 
U 1600 
U 16W 
U 6600 
U 68W 
U 1800 
U 1600 
U 1600 
U 6600 
U 1600 
U 1600 
U 1600 
U 1600 
U 1600 
U 1600 
U / 3600 
U 1600 
U 1600 
U 1600 
U 1600 
U 1600 
U 1600 
U 18W 
U 1600 
U 1600 
U 1600 

Cone 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

J - Estimated value that was found below detection limits 
U - Compound was analyzed for but not detected. 
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&M L 0. 
,..: ..,.,.,.,., ..” 

PEN -2-l HM-5-2 M-9-1 

I BIS(2GHLOROETHYL)ETHER 
2CHLOROPHENOL 
1.3DICHLOROBENZENE 
1,CDICHLOROBENZENE 
BENZYL ALCOHOL 
1,2-DICHLOROBENZENE 
2-METHYLPHENOL 

I BlS(2-CHLOROlSOPROPYL)ETHt 
4METHYLPHENOL 
N-NITROSO-DI-N-PROPYLAMINE 
HEXACHLOROETHANE 
NITROBENZENE 
ISOPHORONE 
2-NITROPHENOL 
2,4-DIMETHYLPHENOL 
BENZOIC ACID 
BIS(Z-CHLOROETHOXY)METHAN 

I 
Z.CDICHLOROPHENOL 
1:2.4-TRICHLOROBENZENE 
NAPHTHALENE 
4CHLOROANILINE 

I HEXACHLOROBUTADIENE 
4CHLORO-3METHYLPHENOL 

~tection 
Limit Cont. 

3500 u 

3500 3500 i 
3500 u 
3500 u 
3sW u 
3500 u 
3500 u 
3500 u 
3500 650 J 
3500 u 
3600 u 
3500 u 
3500 u 
3699 u 
3606 3600 

17Wo u 
3500 u 
3500 u 
3500 u 
3500 u 
3699 u 
36W u 
3500 u 
3500 u 
3500 u 
3500 u 

17909 u 
3500 u 

17990 u 
3500 u 
3500 u 

Detection Detection 
Llmlt Cont. 

720 U 
720 U 
720 U’ 
720 U 
720 U 
720 U 
720 U 
720 U 
720 U 
720 U 
720 U 
720 U 
720 U 
720 U 
720 U 
720 240 

3500 U 
720 U 
720 U 
720 U 
720 U 
720 U 
720 U 
720 U 
720 U 
720 U 
720 U 

3500 U 
720 U 

3500 U 
720 U 
720 U 

Limit Cont. Limit 

699 U 330 
690 U 336 
699 U 330 
699 U 330 
699 U 330 
696 U 330 
699 u 330 
699 U 330 
699 U 330 
696 U 330 
699 U 330 
699 U 330 
699 U 330 
699 U 330 
699 U 330 

J 699 199 J 330 
3400 U 1600 

696 U 330 
699 U 330 
699 U 330 
699 U 330 
699 U 330 
699 U 330 
699 U 330 
699 U 330 
699 U 330 
699 U 330 

3400 U 1600 
699 U 330 

34W U 1600 
699 U 330 
699 U 330 

Detection 

24JETHYLNAPHTHALENE 
HEXACHLOROCYCLOPENTADIEI 
2,4,6=TRICHLOROPHENOL 
2,4,5-TRICHLOROPHENOL 
2-CHLORONAPHTHALENE 
2-NITROANILINE 
DIMETHYL PHTHALATE 
ACENAPHTHYLENE 

U 1400 
U 1400 
U 1400 
U 6700 
U 1400 
U 1400 
U 1400 
U 1400 
U 1400 
U 14w 
U 14w 
U 1496 
U 14w 
U 1400 
U 6700 
U 1400 
U 6700 
U 1400 
U 1400 

U 
U 
U 
U 

140 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

399 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

1600 U 
1600 U 
1600 U 
1600 U 

J 1600 U 
1600 U 
1600 U 
1600 U 
16W U 
1600 U 
1600 U 
1699 U 
1600 U 
1600 U 
1600 U 

J 1600 u 
6800 U 
1600 U 
16W U 
16W U 
16W U 
1600 U 
1600 U 
1600 U 
1600 U 
1696 U 
1699 U 
66W U 
1600 U 
66W U 
1600 *u 
1600 U 

3500 u 720 U 696 U u 330 1400 u 1% u 

J - Estimated value that was found below detection limits. U - Compound WBS analyzed for but not detected. detected. 

Detection 
Cont. Limit 

U 14w 
U 1400 
U 1400 
U 1400 
U 14w 
U 1400 
U 1400 
U 1400 
U 14w 
U 1400 
U 1400 
U 1400 
U 1400 

Cone 
Detection 

Limit Cont. 



SAMPLE DEPTH 

P EFERENCE OIL STANDARD 
I 

NERAL SRRITS 
14clo 96 1600 

700 210 

CONTAMINATION IN SAMPLE 

VDEQ Soil Action Level for TPH = 100 mg!lcg 
U - Belaw Chdfication Llmita 



EFERENCE OIL STANDARD 

PRESSOR OIL 
INERAL SPIRITS 

0 EVIDENCE OF HYDROCARBC 
U U 

VDEQ Soil Adion Level for TPH = 100 mglkg 
U - C3ebw Quantification Limits 

50 

X X 



EFERENCE OIL STANDARD 

100 
1000 950 

1500 

D NOT MATCH ANY REFERENCE 

VDEQ Soil Action Level for TPH = 100 m&lb 
U - Below Quentiicalion Limits 

700 900 

,., ., I., :.,:.,.:, ;; .’ . . . . : .,. ,. ., ., ., ..: 

1 
I- 



. . : ..:.,.: .: : :..:.. “. ,:......:. ..::..: . . . . .,:. . . ...’ . . T . . . . . 
.” . . . 

SAMPLt rdo. PP-42 
-I__^~-- 

pp~-----pP72-1 PP-14-l 

_.-- ---___ -.-.~ ~~-----. 

REFERENCE OIL STANDARD 

P ID NOT MATCH ANY REFEREN< 
STANDARDS 

NO EVlDENCE OF HYDROCAREC 
CONTAMINATION IN SAMPLE 

E 

MEQ Soil Action Level for TPH = 100 mgkg 
U - Below Quantification Umils 

550 40 1100 170 

920 63 
440 



-Ma for Wd Petraleurn !Wrpcarbon .,. 9.. ,,::,:. ;,::;: :.y .,. : .,..; .::;.. (, ;:>.I ::,::..j. :: .(, ;' y:::;: .:.. j:,, :y: -.:':.:::: i.:+.:;:. i.;ii : .j:.;.,:..:: .I.: >,.;. :,..: ..:.: ,. . . . . . . . . . . . . . . ,. : ..,.,.,.,. ,., ..,(.,.,.~.,.,.~, ,, .: :p. ::..y-.-. .:. . . . .'..,. :....:.. .:: .,.,.,..,,:..,. :.,., : ,"',"'.',,. 
- 

t NO. l-M-2-1 HM2-2 l+.#a 

. . . :.. ,. .I., . .,. 
-._.-_.- 

Hw-2 HM4I HW-lFl5----7~4-2 m5-I HM-5-2 titd-7-1 HM-7-2 

FERENCE OIL STANDARD 

SMlSSlON FLUID 
ANY REFERENC 

MEQ Soil Action Level for TPH = 100 mglkg 
U - Below Quanlilication Limits 

a80 

430 
1300 1400 330 

580 

1500 



EFERENCE OIL STANDARD 

ID NOT WTCH ANY 
E STANDARDS 

1lW 

X 

U 

250 

VDEQ Soil Action Level for TPH * 100 mgkg 
U - Below Quantification Limits 



EFERENCE OIL STANDARD 

RAULIC JACK OIL 

NOTE: Numbers in brackets indicate eslimated concentration of hydrocarbon that does not match reference standards 
MEQ standard for TPH in Groundwater is 1 ppm. 
U - Below Quantification Limits 



ss-1 
ss-3 
SS-3-Dupiicate 
ss4 
ss-5 
ss-6 
ss-7 
ss-a 
ss-9 
ss-10 
ss-11 
SS-1 l-Duplicate 

Iss-12 

93.1 

9:: 
92.9 
61.5 
91.6 
95.1 
91.4 
94.2 

96 

sb? 
B3.2 

126 
26.8 U 
55.9 
207 

67 
36 

43.1 
280 
124 

39.4 
25 U 

26.5 U 
40.6 

loo 
loo 
loo 

s-13 95 65.7 loo 
s-14 95.4 25.4 u loo 
s-15 93.7 232 loo 

U - Below Quantiication Limits 



FERENCE OIL STANDARD 

PRESSOR OtL 
lNEf?AL SPIRITS 

IDENCE OF HYDROCARBON 
NATION IN SAMPLE 

74 

VDEQ Soil Action Level for TPH = 100 mgkg 
U - Below Quantification Limils 



SAMPLE NO. 

COMPOUND 

TA-2 

DETECTION DETECTION 
LIMITS CONC. LIMITS CONC. 

BENZENE 5 u 
CARBON TETRACHLORIDE 5 u 
CHLOROBENZENE 5 u 
CHLOROFORM 5 u 
1,2-DICHLOROETHANE 5 u 
1 ,l-DICHLOROETHYLENE 5 u 
METHYLETHYLKETONE 10 u 
TETRACHLOROETHYLENE 5 u 
TRICHLOROETHYLENE 5 u 
VINYL CHLORIDE 10 u 
PYRIDINE 1000 u 

5 u 
5 u 
5 u 
5 u 
5 u 
5 u 

10 u 
5 u 
5 u 

10 u 
1000 u 

U - Compound was analyzed but not detected. 

TCLPVOA-.V”“” 



2,4-DINITROTOLUENE 
HEXACHLOROBENZENE 
HEXACHLORO-1,3-BUTADIENE 
HEXACHLOROETHANE 
NITROBENZENE 
1,4-DICHLOROBENZENE 
2-METHYLPHENOL 
3-METHYLPHENOL 

33 u 
33 u 
33 u 
33 u 
33 u 
33 u 
33 u 
33 u 
33 u 

160 U 
160 U 

33 u 

U - Compound was analyzed for but not detected. 

33 
33 
33 
33 
33 
33 
33 
33 
33 

160 
160 
33 --- 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

130 
130 
500 

3000 
2000 
7500 

! 100000 
400000 

2000 --- 

TCLPBNA.WKl 



SAMPLE NO. EY-1 
s- 

EY-6 STANDARD ~- 
I/ u COMPOUND 

DETECTION DETECTION 
LIMITS CONC. LIMITS CONC. 

CARBON TETRACHLORIDE 
CHLOROBENZENE 
CHLOROFORM 
1 ,ZDICHLOROETHANE 
1 ,l-DICHLOROETHYLENE 
METHYLETHYLKETONE 
TETRACHLOROETHYLENE 

INYL CHLORIDE 

U 
z u 
5 u 
5 u 
5 u 
5 u 

10 u 
5 u 
5 u 

10 u 
1000 u 

U - Compound was analyzed but not detected. 

5 
5 
5 
5 
5 
5 

10 
5 
5 

10 
1000 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

L! 

500 
500 

100000 
6000 

500 
700 

200000 
700 
500 
200 
500 ---- -- 

TCLPVOA-.WKl 



SAMPLE NO. 
STANDARD 

COMPOUND 

4-DINITROTOLUENE 
EXACHLOROBENZENE 
EXACHLORO-l,J-BUTADIENE 
EXACHLOROETHANE 
ITROBENZENE 
4-DICHLOROBENZENE 
METHYLPHENOL 
METHYLPHENOL 
METHYLPHENOL 
NTACHLOROPHENOL 

4 5TRICHLOROPHENO 

33 
33 
33 
33 
33 
33 
33 
33 
33 

160 
160 
33 - 

U - Compound was analyzed for but not detected. 

33 u 
33 u 
33 u 
33 u 
33 u 
33 u 
33 u 
33 u 
33 u 

160 U 
160 U 
33 u 

130 
130 
500 

3000 
2000 
7500 

100000 
400000 

--200!! _I_--- 

TCLPBNA.WKl 



CARBON TETRACHLORIDE 
CHLOROBENZENE 
CHLOROFORM 
1 ,ZDICHLOROETHANE 
1 ,l -DICHLOROETHYLENE 
METHYLETHYLKETONE 

ETRACHLOROETHYLENE 

INYL CHLORIDE 

5 u 5 u 
5 u 5 u 
5 u 5 u 
5 u 5 u 
5 u 5 u 
5 u 5 u 

10 u 10 u 
5 u 5 u 
5 u 5 u 

10 u 10 u 
1000 u 1000 u - 

5 
5 
5 
5 
5 
5 

10 
5 
5 

10 
1000 --- 

U 5 
U 5 
U 5 
U 5 
U 5 
U 5 
U 10 
U 5 
U 5 
U 10 
U 1000 

5 u 500 
5 u 500 
5 u 100000 
5 u 6000 
5 u 500 
5 u 700 

10 u 200000 
5 u 700 
5 u 500 

10 u 200 
1000 u 500 

U - Compound was analyzed but not detected. 

TCLPVOA-.WKl 



.I.. ,... . . . . . 

::. ‘: : “‘. .:. ‘::::::.:::. ,, 7: :..: :..:: :.:. I.; . . . :::.:.: ..:.::‘.: ‘:. ..:. . 7 ,,...,...,:.,: .,., :,. .,,:,...,......,.,.,.,. :..:...: :..,:,.:,. :.,. ,..,....... . . . . .,. .,. .:. .,., :,: : ,.,, . . . . . . ,..,i:i:::-~:‘:.-.-.:::i’Tabt~ S+M&n&) .J&.P .Q,rgarW :. .;I;~ ,,i ,, ,.:,:.: ..,” ‘.‘-‘.:-‘..:::‘.:::::ji:.::::: :::F .. . . :. :: 1 . . .: :, .:, ,, :: :, . . 
.‘. .$&nary $Oirtii~~::Se~~olatile.Orga?~‘(~~j .’ 

:I; ,. . . .:& ,‘, ,:;:~~,::,~ 
...:“..I, .:.. : ‘. 

,, :, ;, :! :., 
. . :. . .:.. .:, . . 

.,... ..:; .,. .from Soil Extracts .. I :j:. 
ISAMPLE NO. PP-1 PP-4 PP-7 PP-10 PP-13 TCLP 

4-DINITROTOLUENE 
EXACHLOROBENZENE 
EXACHLORO-1 ,bBUTADIENE 
EXACHLOROETHANE 
ITROBENZENE 
4-DICHLOROBENZENE 
METHYLPHENOL 

STANDARD 
DETECTION DETECTION DETECTION - DETECTION DETECTION 
LIMITS CONC. LIMITS CONC. LIMITS CONC. LIMITS CONC. LIMITS CONC. 

x 
33 u 33 u 
33 u 33 u 
33 u 33 u 
33 u 33 u 
33 u 33 u 
33 u 33 u 
33 u 33 u 
33 u 33 u 
33 u 33 u 

160 U 160 U 
160 U 160 U 
33 u 33 u 

33 
33 
33 
33 
33 
33 
33 
33 
33 

160 
160 

U 33 u 33 u 130 
U 33 u 33 u 130 
U 33 u 33 u 500 
U 33 u 33 u 3000 
U 33 u 33 u 2000 
U 33 u 33 u 7500 
U 33 u 33 u 
U 33 u 33 u 
U 33 u 33 u 
U 160 U 160 U 100000 
U 160 U 160 U 400000 
U 33 u 33 u -2000 

U - Compound was analyzed for but not detected. 

TCLPBNA.WKl 
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TCLP 
SAMPLE NO. HM-1 HM-1 FD HM-6 HM-8 STANDARDS --- 

II 

COMPOUND 
DETECTION DETECTION DETECTION DETECTION 
LIMITS CONC. LIMITS CONC. LIMITS CONC. LIMITS CONC. 

BENZENE 
CARBON TETRACHLORIDE 
CHLOROBENZENE 
CHLOROFORM 
1,2-DICHLOROETHANE 

i 

1 ,l -DICHLOROETHYLENE 
METHYLETHYLKETONE 
TETRACHLOROETHYLENE 
TRICHLOROETHYLENE 

INYL CHLORIDE 
PYRIDINE 

5 U 
5 U 
5 U 
5 U 
5 U 
5 U 

10 U 
5 6 
5 U 

10 U 
1000 U 

5 u 
5 u 
5 u 
5 u 
5 u 
5 u 

10 u 
5 u 
5 u 

10 u 
pJ0 u - 

5 u 5 
5 u 5 
5 u 5 
5 u 5 
5 u 5 
5 u 5 

10 u 10 
5 8 5 
5 u 5 

10 u 10 
1000 u 1000 -- ~--.. -_ -~ .-. -----_-__ 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

500 
500 

100000 
6000 

500 
700 

200000 
700 
500 
200 
500. zzz- 

U - Compound was analyzed but not detected. 
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:: ,. ., ., 
.: 

SiMPLt NO. 
.’ 

. .., .” 

HM-1 HM-1 FD 

: 

: ‘.L; ‘;:, 1:: ;+j $I’. : i.; I:. ,: 

:. ,, 

HM-6 TCLP - 
STANDARDS 

CONC. LIMITS CONC. LIMITS CONC. LIMITS CONC. 

4-DINITROTOLUENE 130 
EXACHLOROBENZENE 
EXACHLORO-1 ,bBUTADIEN 

130 
500 

EXACHLOROETHANE 3000 
ITROBENZENE 2000 
4-DICHLOROBENZENE 7500 
METHYLPHENOL 
METHYLPHENOL 

33 u 
160 U 100000 

400000 

U - Compound was analyzed for but not detected. 

. 
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SAMPLE NO. 

COMPOUND 

BENZENE 
CARBON TETRACHLORIDE 
CHLOROBENZENE 
CHLOROFORM 
1 ,ZDICHLOROETHANE 
1 ,I-DICHLOROETHYLENE 
METHYLETHYLKETONE 
TETRACHLOROETHYLENE 
TRICHLOROETHYLENE 
VINYL CHLORIDE 
PYRIDINE -____ 

-----7 

TCLP 
SW-1 SW-4 SW-5 STANDARD 

DETECTION DETECTION DETECTION 
LIMITS CONC. LIMITS CONC. LIMITS CONC. 

5 u 5 u 5 u 500 
5 u 5 u 5 u 500 
5 u 5 u 5 u 100000 
5 u 5 u 5 u 6000 
5 u 5 u 5 u 500 
5 u 5 u 5 u 700 

10 u 10 u 10 u 200000 
5 u 5 u 5 u 700 
5 u 5 u 5 u 500 

10 u 10 u 10 u 200 
1000 u 1000 u 1000 u 500 -__- -ll_ ___-- --~.~~zz 

U - Compound was analyzed but not detected. 

TCLPVOA-.V”Yl 



SAMPLt NO. SW-1 SW-4 SW-5 TCLP 

2,4-DINITROTOLUENE 
HEXACHLOROBENZENE 
HEXACHLORO-1,3-BUTADIENE 
HEXACHLOROETHANE 
NITROBENZENE 
1,4-DICHLOROBENZENE 
2-METHYLPHENOL 
3-METHYLPHENOL 
4-METHYLPHENOL 

STANDARD 
IETECTION DETECTION DETECTION 
.IMITS CONC. LIMITS CONC. LIMITS CONC. 

33 u 33 u 33 u 13c 
33 u 33 u 33 u 13c 
33 u 33 u 33 u sot 
33 u 33 u 33 u 3ooc 
33 u 33 u 33 u 2ooc 
33 u 33 u 33 u 75oc 
33 u 33 u 33 u 
33 u 33 u 33 u 
33 u 33 u 33 u 

160 U 160 U 160 U 1 ooooc 
160 U 160 U 160 U 4ooooc 
33 u 33 u 33 u 2oJJJ 

U - Compound was analyzed for but not detected. 

TCLPBNA.WKl 



COMPOUND 

IERBICIDES 
2.4-D 
2,4,5TP (Sttvex) 

‘ESTICIDES 
GAMMABHC (Lindane) 
HEPTACHLOR 
HEPTACHLOR EPOXIDE 
ENDRIN 
METHOXYCHLOR 
CHLORDANE 
TOXAPHENE 

STANDARDS 
EYECTION DETECTION DE1 tCTlON DETECTION IXTECTION 

__. --. -. 
DETECmN DETECTION DE1 tCTlON DTmlON 

MITS CONC LIMITS CONC. LIMITS CONC. LIMITS CONC. LIMITS CONC LIMITS CONC LIMITS CONC. LIMITS CONC LIMITS CONC. 

loo u 100 u loo u loo u 1w U loo u loa U loo u loo u loooo 
33 u 33 u 33 u 33 u 33 u 33 u 33 u 33 u 33 u 1OCQ 

0.17 u 0.17 u 017 u 0.17 u 017 u 017 u 017 u 0.17 u 0.17 u 400 
017 u 0.17 u 0.17 u 0.17 u 0.17 u 0.17 u 0.17 u 0.17 u 0.17 u 6 
0.17 u 0.17 u 0.17 u 0.17 u 0.17 u 0.17 u 0.17 u 0.17 u 0.17 u 
0.33 u 0.33 u 033 u 0.33 u 0.33 u 033 u 033 u 033 u 0.33 u m 

1.7 u 1.7 u 1.7 u 1.7 u 1.7 u 1.7 u 1.7 u 1.7 u 1.7 u 1ooW 
3.3 u 33 u 33 u 33 u 33 u 3.3 u 33 u 33 u 33 u 30 
33 u 33 u 33 u 33 u ..!3 u -33 .u --Ii!?? 

U - Compound was analyzed for but not detected 

HERBPEST.WKl 
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STANDARC 
1 ETECT 10 ION C ION D EC ION C I-ON Dt ff CTIDN 
IMITS CONC. LIMITS CONC LIMITS CONC. LIMITS CONC LIMITS CONC. LIMITS CONC LIMITS CONC. COMPOUND 

GAMMA-BHC (Lindane) 

HEPTACHLOR EPOXIDE 

UETHOXYCHLOR 

100 u 1W u loo u loo u loo u loo u loo u IOODC 
33 u 33 u 33 u 33 u 33 u 33 u 33 u loo0 

0.17 u 017 u 017 u 0.17 u 0.17 u 0.17 u 017 u 4oa 
0.17 u 0.17 u 017 u 0.17 u 0.17 u 0.17 u 0.17 u 0 
0.17 u 0.17 u 017 u 0.17 u 017 u 0.17 u 017 u 
033 u 0.33 u 033 u 0.33 u 0.33 u 033 u 033 u 20 

1.7 u 1.7 u 1.7 u 1.7 u 1.7 u 1.7 u 1.7 u 1CWl 
33 u 3.3 u 33 u 3.3 u 3.3 u 33 u, 33 u 30 
33 u 33 u 33 u 33 u 33 u 33 u 33 u % ->---__I 

U - Compound was analpad for but not detected. 

HERBPEST.WKl 
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0. - - _ _ TA l-2kDk _ - . _ 2 TA-4 TCLP 
STANDARD 

DETECTION DE~CTION DETECTION DETECTION DETECTION DETECTION DETECTION 
COMPOLJN LIMIT CONC. LIMIT CONC. LIMIT CONC LIMIT CONC. LIMIT CONC. LIMIT CONC. LIMIT CONC. 

120 B 
169 

3 IJ 

4 6B 

43 u 

z 
0.2 u 

53 116 B 
7 u 

190 B 
161 

3 38 

4 10 B 

43 64 B 

0.2 U 

53 69 B 
7 U 

3 

4 

43 

0.2 

53 
7 

240 B 
221 

3 

70 0 

U 

U 

00 B 
70 

250 
220 

3 U 

4 12 0 

43 63 B 

02 U 

53 75 0 
7 U 

270 
166 

3 U 

4 17 B 

43 66 B 

02 U 

53 U 
7 9B 

230 
155 

3 U 

4 13 B 

47 I3 

0.2 u 

53 03 B 
7 U 

260 5000 
214 100000 

3 40 1000 

4 9B 5000 

43 U 5000 

02 U 200 

53 U 1000 
7 70 5000 

FYANIDE I 

U - Anatyte anatpd for but nd detected 
B . Anatyte detected beicw method detection limti but above 

instrument detection limit 

TCLPMETWKl 



c aatd lo! M+$ . . . . ;,,,c,.: :.:. :: :j j j. : i .y.‘.. ::. . . . . i’ . . .,j ::.x2$i i’....; I: :,.I I. :: ::... j i 
tN0 - . _ _ TCLP 

COMPOUND 

ALUMINUM 
ANTIMONY 
ARSENIC 
BARIUM 
BERYLLIUM 
CADMIUM 
CALCIUM 
CHROMIUM 
COBALT 
COPPER 
IRON 
-EAD 
MAGtJESlUhr 
MANGANESI 
MERCURY 
NICKEL 
POTASSIUM 
SELENIUM 
SILVER 
SODIUM 
THALLIUM 
VANADIUM 

STANDARD 
ElECTION DElECTlON 
.IMIT CCNC LIMIT CONC _-..- 

220 
425 

3 68 

4 16 B 

43 U 

02 U 

53 u 
7 U 

210 8 5000 
243 1ooooc 

3 5B 1000 

4 17 B 5000 

43 468 5000 

02 U 2011 

53 59 B 1000 
7 u 5000 

U _ Anatyte analyzed for but nd detected 
B - Analyte detected belw method deIec+on liml( bul sbwe 

instrument dekchn Ilmct 

, 

TCLPMET WKI 



:. :’ : 
.‘?AMPLENOi 

COMPOUh 

ALUMlNlJk 
ANTIMONV 
ARSENIC 
BARIUM 
BERYLLIUI 
CADMIUM 
CALCIUM 
CHROMIW 
COBALT 
COPPER 
IRON 
.EAD 
MAGNESlCl 
MANGANE! 
MERCURY 
NICKEL 
POTASSIU, 
SELENIUM 
SILVER 
SODIUM 
THALLIUM 
VANADIUM 
ZINC 

,YANIDE._ 

C 

i 
I I 

STANDARC 
XZTECTION DETECTION DETECTION 

-__ 
DETECTION DETECTION DETECTION DETECTION 

LIMIT CONC LIMIT CONC LIMIT CONC LIMIT CONC LIMIT CONC. LIMIT CONC LIMIT CONC -- 

73 B 62 B 
156 432 

3 u 3 U 3 

4 u 4 U 4 

43 47 B 43 

02 u 02 

U 43 

U 02 

66 B 53 
U 7 

53 648 53 
7 IJ 7 

107 B 
248 

U 3 

U 4 

U 43 

v 02 

74 B 53 
U 7 

105 B 
201 

U 3 

U 4 

U 43 

U 02 

64 B 53 
lJ 7 

173 B 
272 

U 3 

40 4 

U 43 

u 02 

70 B 53 
U 7 

174 0 
236 

II 3 

48 4 

u 43 

II 02 

60 0 53 
U 7 

165 0 
452 

46 

U 

5000 
iooooa 

i 000 

5000 

U 5000 

II 2011 

90 0 1000 
U 5000 

U _ Anatyte anatpd fa bul nd detected 
B . Anatyte detected belutv method detection hmtl but abcve 

instfumenl detection limul 

TCL~JMET WKI 



ELENIUM 
ILVER 
ODIUM 

--_____- 
XTECTION DETECTON DETECTION DETECTION DETECTION 
LIMIT CONC. LIMrr CONC LIMIT CONC LIMIT CONC. LIMIT CONC. 

3 

4 

43 

0.2 

53 
7 

139 B 57 
223 

U 3 

U 4 

U 43 

U 02 

U 53 
U 7 

U 
175 

U 

48 

U 

U 

:: 

008 
154 

3 u 

4 U 

43 u 

02 u 

53 62 B 53 u 53 1OOB 
7 u 7 u 7 u 

165 0 
220 

3 u 

4 u 

43 u 

0 2 0.36 B 02 u 

137 B 
196 

3 u 

4 U 

43 u 

5ooc 
1 ooooc 

1ooc 

5ooc 

5ooc 

2oc 

1ooc 
5000 

U - Anawe analyzed for but nat detected 
B - Anawe detected below method detectiin limit but above 

instrument detection limit 

. 
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STANDARG 
XTECTION DETECTION DETECTION DETECTION DETECTION DETECTION DmCTlON 
LIMIT CONC. LIMIT CONC. LIMIT CONC. LIMIT CONC. LIMIT CONC. LIMIT CONC. LIMIT CONC. ---- COMPOUN 

ALUMINUM 
ANTIMONY 
ARSENIC 
BARIUM 
BERYLLlUk 
CADMIUM 
CALCIUM 
CHROMIUV 
CO0ALT 
COPPER 
IRON 
LEAD 
MAGNESIU 
MANGANE: 
MERCVRY 
NICKEL 
POTASSlUh 
SELENIUM 
SILVER 
SODIUM 
THALLIUM 
VANADIUM 
ZINC 
CYANIDE 

3 

4 

43 

02 

53 
7 

95B 
325 

U 3 

U 4 

U 43 

U 02 

U 53 
U 7 

1170 
317 

U 

U 

U 

U 

66 0 
Ll 

104 0 
627 

3 70 3 

4 40 4 

43 73 0 43 

02 u 02 

53 u 53 
7 u 7 

191 B 
564 

90 3 

U 4 

U 43 

U 02 

U 53 
U 7 

1340 
220 

U 3 

U 4 

U 43 

U 02 

U 53 
U 7 

159 0 
363 

U 

U 

U 

U 

U 
U 

110 0 soot 
419 iooooa 

3 u 1ooa 

4 u 5ooa 

43 46 0 5000 

02 u 200 

53 u 1000 
7 u 5000 

U - Anawe anatpd kx but not detected 
0 - Anawe detected b&v method detection limit but above 

instrument detection lime 

TCLPMET.WKl 
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- _ HM-O - . - _ _ _ TCLP 
STANDARD 

IETECTION DETECTION DETECTION DETECTION DETECTION DETECTION DETECTION DETECTION 
kIMIT CONC. LIMIT CONC. LIMIT CONC. LIMIT &NC. LIMIT CONC. LIMIT CONC. LIMIT CONC. LIMIT CONC. 

149 0 
326 

3 u 

4 U 

03 B 
242 

3 u 3 

4 u 4 

145 0 
337 

U 

60 

134 0 500 
315 10000 

3 u 100 

4 u 500 

119 0 
342 

U 3 

40 4 

U 43 

U 02 

:: 53 7 

1020 
265 

U 3 

U 4 

U 43 

U 0.2 

U 53 
U 7 

1040 
333 

U 

U 

133 0 
276 

3 u 3 

4 40 4 

43 46 B 43 u 43 U 43 u 43 U 43 u 500 

0.2 u 02 u 02 02 u 02 U 02 II 20 U 

53 u 
7 u 

53 71 0 53 
7 u 7 

U 
U 

53 u 53 
7 u 7 

720 
U 

53 65B 100 
7 u 500 

U - Analyte ana@d for bul not detactad 
0 - Analyze detected below required d&&in limit but abwe 

instrument defection limt 
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” :.,: .:..z . . :.:...: : “: .....: .,.. i:.:‘.;.. .: 
..Y”.‘.’ :: 

_ _ _ _ _ - _ _ PP4 _ _ 

STANDARD 
ETECTION DETECTION DETECTION DETECTION DmCTlON D-N- DETECTION II 
.IMIT CONC. LIMIT CONC. LIMIT CONC. LIMIT CONC. LIMIT CONC. LIMIT 

167 0 
129 

3 60 3 

4 7 4 

43 52 43 

02 u 02 

53 u 53 
7 u 7 

152 0 1960 
228 139 

58 3 48 3 

4 4 U 4 

U 43 

U 02 

740 53 
U 7 

172 0 166 B 
262 321 

48 3 98 3 

6 4 48 4 

U 43 

U 02 

104 0 53 
11 B 7 

U 43 

U 02 

58 53 
70 7 

- CONC. LIMIT 

155 0 
200 

78 3 

16 0 4 

u 43 

U 02 

U 53 
U 7 

CONC. CONC. 

162 0 162 0 5000 5000 
279 279 100000 100000 

30 30 1000 1000 

10 0 10 0 5000 5000 

U - Analyte anabpd for but nc4 date&d 
0 - Anatyte detected belw method detection limit but abwe 

instrument detection limit 

TCLPMET.WKl 



F-- OMPOUND 

STANDARD 
)ETECTION DETECTION DETECTION DETECTION 

--_.. - .-. - 
DETECTION DETECTION DETECTION 

LIMIT CONC. LIMIT CONC. LIMIT CQNC LIMIT CONC. LIMIT CONC. LIMIT CONC LIMIT CONC. - --- 

3 

4 

43 

02 

53 
7 

1600 
179 

40 3 

U 4 

U 43 

U 02 

U 53 
140 7 

177 0 
79 

48 3 

U 4 

U 43 U 43 100 43 u 43 46 B 43 

U 0.2 

U 53 
15 0 7 

129 0 57 u 
246 202 

58 3 30 

12 B 4 50 

U 

U 
U 

02 u 

53 u 
7 120 

136 0 105 B 
166 222 

3 30 3 58 3 

4 120 4 110 4 

0.2 u 

53 u 
7 u 

02 u 02 

53 u 53 
7 u 7 

67 0 5000 
172 100000 

48 1000 

00 5000 

U 5000 

U 200 

U 1000 
70 5000 

U - Analyte anaryred for but not detected 
0 - Anatyte detected behv method datectlon liml but above 

instrument detectim limit 

. 



I 
OMPOUND 

LUMINUM E MIMONY 
RSENIC 

BARIUM 
ERYLLIUM 

STANDARD 
ETECTION DETECTION DETECTION DfZCTlON DETECTION DtiECTlON DETECTION 
JMIT CONC. LlMlT CONC. LIMIT CONC. LIMIT CONC. LIMIT CONC. LIMIT CONC. LlMlT CONC. 

3 

4 

43 

0.2 

53 
7 

96 0 
144 

30 3 

70 4 

468 43 

U 0.2 

s 53 7 

1706 
201 

58 3 

U 4 

U 43 

U 0.2 

57 0 53 
U 7 

1500 
116, 

50 3 

U 4 

U 43 

U 02 

108 0 53 
7 7 

216 0 1290 
354 257 

70 3 40 3 

110 4 13 0 4 

U 43 

U 02 

U 53 
70 7 

U 43 

U 02 

53 
7 

116 0 181 0 
176 199 

78 

16 0 

3 60 

4 90 

U 43 46 6 

U 

U 
U 

0.2 u 

53 u 
7 u 

U - Analyte analyzed for bui not detected 
0 - Analyle detected below method detection lima M above 

instrument detechn lime 
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‘. :...j, ,,, . . . . .,.. :.. .: ::-:. ,.:..: . . . . :....’ . . .,.:, ..( a, 9.. T td, w{f&f’tt) 
. . . . . . .> . . . . . . . . . . .. ; . . . . . .: 

SAMPLt NO. - - PP-14-2FD SW-1 SW-2 SW-3 SW-4 
I STANDARD 1 

F- OMPOUE 

~CYANIDE 

- .-. .- 
DETECTION DEfECTION DETECTION DETECTION DETECTION DETECTION DETECTION 

4 LIMIT CONC. LIMIT CONC. LIMIT CONC. LIMIT CONC. LIMIT CONC. LIMIT CONC. LIMIT CONC. 

I 

136 0 86 0 1480 121 B 1320 120 B 290 5000 
196 166 174 262 217 173 214 100000 

3 40 3 u 3 u 3 u 3 38 3 u 3 U 1000 

4 60 4 110 4 u 4 40 4 u 4 40 4 15 0 5000 

43 66 0 43 64 0 43 630 43 u 43 u 43 u 43 46 0 5000 

02 u 02 u 02 u 02 u 02 u 02 u 02 U 200 

53 u 53 u 53 63 0 53 76 0 53 740 53 90 0 53 59 0 1000 
7 u 7 u 7 u 7 u 7 150 7 12 0 7 10 0 5000 

-.-.-- ___.L_..-.-_ 

U - Analyte enatpzd for but rot detected 
B - Anatyte detected below method detection limrt but above 

instnsnent detection limit 

TCLPMET.WKl 



STANDARC 
ETECTION DETECTION DETECTION 
LIMIT CONC. LIMIT CONC. LIMIT CONC. 

120 0 
566 

3 40 

4 12 0 

43 U 

0.2 U 

53 7 :: 

3 

4 

43 

02 

53 
7 

105 0 
357 

40 

14 0 

0 
59 0 

U 

U 
11 

83 500c 
270 100ooc 

3 80 1 ooc 

4 29 soot 

43 

0.2 

53 
7 

66 0 

U 

U 
23 

5000 

200 

1000 
5000 

U - Analyle anatyzed for but not detected 
B - Anatyte detected below method detection limit but abuve 

instrument det&ion lima 

TCLPMET.WKl t 



Table G-6 
Results of Analysis Soil Borings 

r ... .: 
P*ameter Moisture Gas- Aviation Di&eI.. ‘,,, : 

UiiitS % P&z P&z pg/g,: ‘j, j’! 

Sampie ,ID 

SB-1-4 6.5 < 8.56 < 8.56 < 8.74 

SB-1-6 8.0 < 8.70 < 8.70 C8.88 * 

SB-2-4 9.0 < a.79 < a.79 < 8.98 

SB-2-6 9.1 < 8.80 < 8.80 < 8.99 

SB-3-4 8.8 < a.77 < a.77 < 8.96 

SB-3-6 8.8 < a.77 < a.77 < 8.96 

SB-4-4 9.7 < 8.86 c 8.86 < 9.05 

SB-4-6 10.0 < 8.89 < 8.89 < 9.08 

SB-5-4 8.8 < a.77 < a.77 28.7 

SB-5-6 10.1 < 8.90 < 8.90 17.8 

SB-6-4 8.9 c8.78 c8.78 47.1 

SB-6-6 9.3 < 8.82 < 8.82 16.2 

SB-7-4 7.6 < 8.66 < 8.66 < 8.84 

SB-7-6 9.1 < 8.80 < 8.80 < 8.99 

SB-8-4 10.0 < 8.89 < 8.89 < 9.08 

SB-8-6 11.1 < 9.00 < 9.00 < 9.19’ 

2638.1 



. . . -:. .’ ‘. : .:I .:.. . . ..- ... . . . . . . . . . . Table+?. Summatyof&@iil Data.fw.Vdath.Qrg~nhx IY Fy~n@ater @g&l,:.::, .:...:::::, ..:.. :..:. ..:. . . . ..: ..::::.;. .,.;:..:....: :,.:: ..:.: ..:... ‘:. .: ,:.::.j . . . . . .,: ,. . . . . . . . . .:. :.: .:,.::.y.;:::: .: ..~,.: .): I:.~,,~: :.:;:. ;::j j:::::: . . . . . :: :~:.:.::~:jj.:.j:..j.,:..:.:j:.:.: .,.:...,., :.,: ,::: ::>. .,:,. ::.:.,::::> ,.:: .: .:: ... . . ..‘.....L. ..,.:, ,: ,: ,..;:., .‘, .:.:.:.:: .. ::..:. ..:.::: .;:; ., ; .;.....: ., . . . . :.. .... :’ .’ .“. : : .‘. :.: .,:.: .I::. i>::: :‘..‘:.:. :.? :.z:i.. . . .i: .>: . . . . . :’ . . .:. .:. .:.i::,- ::::;.:..::‘. ..:::..-: .:.:.:.::. .::;.:..:. i..:. ..:;::::::: ._,: :.::: . . . . . . . . . . . . . ,.~.. _, .~:. .‘... . . . . . . . . . . . ,~ .-I. ..... .z.\\:.. ..i ..:.I., ..:.:.: .‘.. : _, .,.... .,_ ::...::,::::::, ,. ., . . ...\...,: ..:.:,:.:.:...:.:.>:,:. .:.:.>..~..>:) .+: .,. :..,.. ,., . ,, ,.. . . . ..., ., ., ,.,., ,., . . .., ,.. 
Lt NO. -- . . _ - _ _ - _ SW-3-l VDtQ 

I ---I__- STANDARD(g 
ETECTION DETECTION DETECTION DETECTION DETECTION DETECTION 
MIT CONC. LIMIT CONC. LMIT CONC. LMIT CONC. LfMlT CONC. L(MIT CON0 .- 

250 u 
250 u 
250 u 
250 u 
125 540 
250 1300 
120 u 
120 u 
120 290 
120 230 
120 u 
120 u 
250 U 
120 1106 
120 120 
250 u 
120 120 
120 u 
120 u 
120 66 
120 u 
120 u 
120 u 
120 u 
120 u 
250 u 
250 u 
120 220 
120 u 
120 u 
120 u 
120 u 
120 u 

50 u 
50 u 

250 

B 

50 u 
50 u 
25 a2 0 
50 150 
25 u 
25 33 
25 240 

125 
250 

25 130 
25 u 
25 u 
50 u 
25 660 

J 25 72 
50 u 

120 

J 25 U 
25 u 
25 u 

J 25 36 
25 U 
25 u 
25 u 
25 u 
25 U 
50 u 
50 u 
25 170 
25 u 
25 U 

120 
250 
120 
120 
120 
120 
120 
120 
120 
120 
120 
250 
250 
120 
120 

25 u 
25 u 

120 
120 
120 

U 
U 
U 
U 

370 
a30 
U 
97 
210 
150 
U 
U 
U 

690 
84 
U 

120 
U 
U 
34 
U 
U 
U 
U 
U 
U 
U 

ia0 
U 
U 
U 
U 
U 
U 

500 u 
500 u 
250 760 B 
500 960 
250 U 
250 140 J 
250 520 
250 430 
250 u 
250 U 
500 u 
250 390 
250 U 
500 u 
250 u 
250 U 
250 U 
250 560 
250 U 
250 U 
250 U 
250 U 
250 u 
5w u 
SW u 
250 4600 
250 U 
250 U 
250 U 
250 U 
250 u 

600 u 
500 u 
500 u 
500 u 
250 760 B 
500 920 
250 U 
250 U 
250 540 
250 400 
250 U 
250 U 
500 u 
250 270 

250 500 :: 
250 U 
250 U 
250 U 
250 490 

250 250 :: 
250 U 
250 U 
250 u 
500 u 
500 u 
250 3700 
250 U 
250 U 
250 U 
250 U 
250 U 

10 

10 

10 
10 
5 
9 
5 
5 
5 
5 
5 
5 

10 
5 
5 

IO 
5 
5 
5 
5 
5 
5 

i 
5 

lb 
10 
5 
5 
5 
5 
5 
5 

U 
U 
U 
U 
11 
12 
U 
U 
U 
U 
1 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 25 U 120 

120 u ---- 25 u 120 250 u 250 u 5 u 

B NIA 
B N/A 

NIA 
99 
N/A 

J 470 

N/A 

80.7 

6 - Anal@ was found in the associated blank. J - Estimated value that was found below detecfion limits. 
E - Anal@ concentrations exceeded the calibration range of the GCMS inslrument. 1 - Virgina Department of Environmental Quality Standard for Surface Waler 



Tab14 ..G-7(Ccmt!)Summ;l~o!~~l~aforVo!alJaOrg;r~~G rw ndw;terWW .’ .:,,,, .,, ,,.:> ,._. .,.. ./,.... ,.,..,. .: .., ,.:. ,:: :...:.;j: .:< j-g. c:::,: ‘:.::::::: .‘:‘. ::j,~,~:,:,‘,:,:,~,‘):.‘:: .:::;:‘.‘.;:::;.; ;‘:.&...: : .,.,. > ..,.,...,.,.,.,. .,., . 
..,: ‘:‘I::ii’l’i:i$i ‘j:‘:;.; ;:y::.::.: : ‘::: :.::::: :.:.:.::.:.y,:::; .,.,......... 

. . . . . . . . . . . ‘... ,, .::: ‘,: ‘, ;...:;:::y ,. .:;, 
,_ .,.. . . ..,. . . ,., . . . . . . . . . . . . . . ,. .: . . . . . . . . :: ..: ..’ . . . . . . . . . . .:.\ . . . . . . . . . . . . . . ,,.. ,,. :. .,....: .,,.. ,., ..:, 

,... ,., . . ,. _ . . . :. .:.. .::.: .. . . ,,....,. >;:.A .,..,,. 

SW-32 SW-3-2rD SW41 SW-e2 smsr SW-52 VDtQ 

COMPOUND 

CHLORCMETHANE 10 u 
BROMCIMETHANE 10 u :: :: :8 :: :: u” 
WNYL CHLORIDE 10 u 10 U 10 U 10 U 
CHLOROETHANE 10 u 10 U 10 U 10 U 
METHYLENE CHLORIDE 5 5 B 5 9 5 9 5 12 
ACETONE 9 9 BJ 9 19 10 7 J 12 
CARBON DISULFIDE 

x:: : 
1 J 5 U 5 E 

l,l-DICHLOROETHENE U 5 28 5 41 
1 ,l-DICHLOROETHANE 

::: : i : 
13 

1.2-DICHLOROETHENE U : 
21 
U 

CHLOROFORM 5 u 5 U 5 U 5 U 
1.2.DICHLOROETHANE 5 u 5 U 5 U 5 U 
2-BUTANONE 10 u 10 U 10 U 10 U 
1.1.1.TRICHLOROETHANE 
CARBON TETRACHLORIDE :: : :: 

5 3 J 
: 

3 
5 U U 

VINYL ACETATE 10 u IO U 10 U IO U 
6ROMODlCHLOROMETHANE 5 u 5 U 5 U 5 U 
1.2-DICHLOROPROPANE 

iz : 
U 5 U 5 U 

CIS-1,3-DICHLOROPROPENE U 5 U 5 U 
TRICHLOROETHENE 5 6 5 3 J 5 9 5 10 
DlBROMDCHLOROMETHANE 5 u 5 U U U 
1 .1,2=TRICHLOROETHANE 5 u 5 U : U : U 
BENZENE 5 u 5 U 5 U 5 U 
TRANS-1,3-DICHLOROPROPEf 5 u 5 U 5 U 5 U 
BRCMOFORM 5 u 5 U 5 U 5 U 
4-METHYL.2PENTANONE 10 u 10 U 10 U 10 U 
2-HEXANONE 10 u 10 

:: 
10 U 10 U 

TETRACHLOROETHENE 5 u 
: 

5 U 5 U 
1 ,1,2fTETRACHLOROETtbWl 5 u U 5 U 5 U 
TOLUENE 5 u 5 U 5 U 5 U 
CHLOROBENZENE 5 u 5 U 5 U 5 U 
ETHYLBENZENE 5 u 5 U 5 U 5 U 
STYRENE 5 u 5 U 5 U 5 U 
TOTAL XYLENES 

STANDARD(l 
1ETECTlON DETECTION DETECTION DETECTION DETExTr DETECTION 
LIMIT CONC. LMT CONC. LIMIT CONC. LMT CONC. LIMIT CONC. LMIT CONC. 

10 U 10 U 
10 U 10 U 
10 U 10 U 
10 U 10 U 

0 5 4 BJ 5 13 0 NIA 
BJ 10 71 B 10 66 B N/A 

5 U 5 U 
5 U 5 1 J N/A 
5 U 5 U 
5 U 5 U ft 
5 U 5 U 470 
5 U 5 U 

10 U 10 U 
J 5 U 5 U 17goacr 

5 U 5 U 4.5 
10 U 10 U 
5 U 5 U N/A 
5 U 

x 
U 

5 U 
5 2 J 5 :: 60.7 
5 U 5 U 
5 U 5 U 
5 U 5 U 
5 U 
5 U i 

U 
u 

10 U 10 U 
10 U 10 U 
5 3 J 
5 U ; i 

3519 

5 U 5 U 
5 U 5 U 
5 U 5 U 
5 U 5 U 

5 u 5 u 5 u 5 u -5 u 5 u 

E - Analyie was found in the associated blank. J - Estimated value that was found below detection limits. 
U - Compound was analYzed for but no! demoted. 1 - Vkgina Department of Environmental Qualii Standard for Surface Waler 
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NO. SW-&1 SWd2 - - _ _ EGSW-8-1 BGSWS2 VDEQ 
. STANDARD(I) 

IETECTION DETECTION DETECTION DETECTION DETECTION DETECTION - 
LIMIT CONC. LIMIT CONC. LMIT CONC. LMT CONC. __ LIMIT CONC. LMIT CONC. -_____ 

I 1,2-DICHLOROETHENE 
CHLOROFORM 
1.2-DICHLOROETHANE 
2.BUTANONE 
l,l.l-TRICHLOROETHANE 
CARBON TETRACHLORIDE 

t 

INYL ACETATE 
BROhlDDlCHLOROh4ETHANE 
1,2-DICHLOROPROPANE 
C&l ,&DICHLOROPROPENE 
TRICHLOROETHENE 
DIBROMOCHLOROMETHANE 
1,1,2-TRICHLOROETHANE 
BENZENE 
‘TRANS-1,3-DICHLOROPROPEI 
BRCMOFORM 
4.METHYL-2-PENTANONE 
‘2-HEXANDNE 
TETRACHLOROETHENE 
1 .1.2.2-TETRACHLOROETH 
TOLUENE 
CHLOROBENZENE 
ETHYLBENZENE 
STYRENE 
TOTAL XYLENES 

500 

E 
SW 

B 250 
500 
250 
250 
250 
250 
250 
250 

J El 
250 
500 
250 
250 
250 
250 
250 
256 
250 
250 
250 
500 
500 

J 250 
250 
250 
250 
250 
250 

U 
U 
U 
U 
680 
460 
U 
U 
U 
120 
U 

u” 
U 
U 
U 
U 
U 

z 
U 
U 
U 
U 
U 
U 
U 
91 
U 
U 
U 
U 
U 

10 
10 
10 
10 

B 5 
J 10 

5 
5 
5 

J 5 
5 
5 

10 
5 
5 

10 
5 
5 
5 
5 
5 
5 
5 
5 
5 

10 
10 

J 5 

: 
5 
5 
5 

IO 
10 
10 
10 
5 

J 10 
5 
5 
5 
5 
5 
5 

10 
5 
5 

10 
5 
5 
5 
5 
5 
5 
5 
5 
5 

10 
10 

: 
5 
5 
5 
5 
5 

U 
U 
U 
U 
8 
78 

z 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

10 
10 
10 
10 

B 5 
B 10 

5 
5 

: 
5 
5 

IO 
5 
5 

10 
5 
5 
5 
5 
5 
5 
5 
5 
5 

10 
10 
5 
5 
5 
5 
5 
5 

B - Anal@ was found in the associated blank. J - Estimated value that was found below detadion limits. 
U -Compound was analyzed for but nd detected. 1 - Virgina Department of Environmental Quality Standard for Surface Waler 

U 
U 
U 
U 
36 
U 
U 
6 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

IW 
100 
100 
100 

B 50 
100 
50 
50 
50 
50 
50 
50 

100 
50 
50 

100 
50 
50 
50 
50 
50 
50 
50 
50 
50 

100 
1w 

xx 
50 
50 
50 
50 

U 
U 
U 
U 
41 BJ 
U 
U 
4 J 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

N/A 
N/A 

N/A 

Iii 
470 

17woo 
4.5 

N/A 

80.7 

3519 



. . . . . . : Tab@ W..<CMJ.S.mrv.#.Ane.t! Data fw\rW!!e: %wW m Grqumlwa!sr 04 ..,... . . . . . . . . . . :. .: . . . . ..: . . . . . . . :. . . . .:: . . . . :.:... .;, .,.,: :...::..: . . . ,.,. :.:...;.:. ,.::,.:,::::,, . . . . . :.,, .,. : : .: : ,. ,.,. ..: .( ,:,: ,.: .I. . . . ...:. :. : : :,.,. :.. ,:,:,: :::::‘;:I:i::‘::.l:I~~:~~~~ i.:!j:y :’ :. .,. ., . . . .,. . . . ._ .,... ./ ,. . . . . . . . : .:.:,‘::.:~,‘~~,“,~, ..: ,. .:, ,.:, .:.,:, 
t NO. GW-3-2 GW41 GW42 GW42FD 

COMPOUND 

CHLOROMETHANE 
BRCMMETHANE 
VINYL CHLORIDE 
CHLOROETHANE 
WElIiYLENE CHLORIDE 
ACETONE 
CARBON DISULFIDE 
1 ,I-DICHLOROETHENE 
1 .I-DICHLOROETHANE 
1,2-DICHLOROETHENE 
CHLOROFORM 
1,2-DICHLOROETHANE 
2.BUTANONE 
l.l,l-TRICHLOROETHANE 
CARBON TETRACHLORIDE 
VINYL ACETATE 
BROMDDICHLOROMETHANE 
1,2-DICHLOROPROPANE 
CIS-1.3.DICHLOROPROPENE 
TRICHLOROETHENE 
DIBROMOCHLOROMETHANE 
1 .I ,2-TRICHLOROETHANE 
BENZENE 
TRANS-1,3-DICHLOROPROPEI 
BROMOFORM 
4hr(ETHYL-29ENTANONE 
2-HEXANONE 
TETRACHLOROETHENE 
1 .I ,2,2-TETRACHLOROETHANI 
TOLUENE 
CHLOROBENZENE 
ETHYLBENZENE 
STYRENE 
TOTAL XYLENES 

STANDARD(l) 
BETECTION DETECTION DETECTION DETECTION 

LMIT CONC. LMlT CONC. LIMIT CONC. LMIT CONC. 

10 U 10 U 10 U 
10 U IO U 10 U :: 

U 
U 

10 U 10 U 10 U 10 U 
10 U 10 U 10 U 10 U 
5 U 5 U 5 U 5 U N/l 

10 230 BE 10 170 
J” 

10 200 BE IO 510 BE Nli 
5 8 5 1 5 7 5 1 J 
5 U 5 U 5 U 5 U N/r 
5 2 J 5 U 5 U 5 U 9s 

: 
U 5 U 5 U 5 U N/l 
U 5 U 5 U 5 U’ 47c 

5 U 5 U 5 U 5 U 
10 U 10 U 10 U IO U 
5 3 J 5 U 5 U 5 U 17oooc 
5 U 5 U 5 

z 
5 U 4.t 

IO U 10 U 10 IO U 
5 U 5 U 5 U 5 U N/l 

z 
U 
U : 

U 5 U 5 U 
U 5 U 5 U 

5 U 5 U 5 U 5 U 80.1 
5 U 5 U 5 U 5 U 
5 U 5 U 5 
5 U 5 U 5 z 

5 U 
5 U 

i 
U U 5 U 5 U 
U : U 5 U 5 U 

10 U 10 U 10 
: 

10 U 
10 U 10 U 10 10 U 

: 
U 

i :: i 
U 5 U 35% 

U U’ 5 U 
5 U 5 U 5 U 5 U 
5 U 5 U 5 U U 
5 U 5 U 5 U : U 
5 U 5 U 5 U 5 U 
5 u 5 u 5u 5 u ---- 

B - Anal@ was found in the associated blank. 
U - Compound was analyzed for bul nd dete not detected 

J - Estimated value 
belaw delectlon limit 
1 - Virgina Department of Environmental Quality Slandard for Surface Water 
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NO. BGlXVZ DW-1 _ _ - _ GW-3-w 
. STANDAFtD(l\ I 

ROMOMETHANE 
t NYL CHLORIDE 

HLOROETHANE 
THYLENE CHLORIDE 

ARBON DISULFIDE 

1 .I-DICHLOROETHANE 

1.2-DICHLOROETHANE 
-BUTANONE b 1 ,I ,I-TRICHLOROETHANE 
ARBON TETRACHLORIDE 
INYL ACETATE k ROMODICHLOROMETHANE 

IS-1,3-DICHLOROPROPENE 
RICHLOROETHENE 
IBROMOCHLOROMETHANE 

I3 1 ,I ,2*TRlCHLOROETHANE 
ENZENE 

E RANS-1 &DICHLOROPROPEr 
RCMDFORM 
METHYLQ-PENTANONE 

ETRACHLOROETHENE 

- . -.-. _ ._ 
tETECTION DETECTION DETECTION DETECTION DETECTION 
LMT CONC. LIMIT CONC. LMlT CONC. LMlf CONC. LIMIT CONC. 

U 
U 
27 B 
160 
U 
3 J 

:: 
19 
U 
U 
U 
U 
U 
U 
U 
U 
U 

ii 
U 
U 

:: 
U 
U 
U 
U 
U 
U 
U 

U 
U 
U 
U 
8 
U 
U 
U 
3 
U 
60 
U 
U 
3 
U 
U 
4 
U 
U 
2 
U 
U 
U 
U 
U 
U 
U 
3 
U 
U 
U 
U 
U 

25 
25 
12 
25 
12 
12 
12 
12 
12 
12 
25 
12 
12 
25 
12 
12 
12 
12 
12 
12 
12 
12 
12 
25 
25 
12 
12 
12 
12 

:: 

U 10 
U 10 
34 IO 
U IO 
U 5 

110 10 
U 5 
U 5 

!zl 
5 
5 

U 5 
U 5 
U 10 
U 5 
U 5 
:: 10 

5 
U 5 
U 5 
39 5 
U 5 
U 5 
U 5 
U 5 
U 5 
U 10 
U 10 
14 5 
IJ .: 5 1 ,I ,2,2-TETRACHLOROETHANI 
U 

HLOROBENZENE U : 
THYLBENZENE U 5 

U 5 

U 
U 
U 
U 
U 
7 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

10 
10 
IO 
10 
5 

BJ 10 
5 
5 
5 
5 
5 
5 

10 
5 
5 

10 
5 
5 
5 
5 
5 
5 
5 
5 
5 

10 
10 
5 
5 
5 
5 
5 

: 

B - Analyze was found in the associated blank. 
U - Compound was analyzed for but not dele not detecled 

J - Estimated value 
below de&lion limit 
1 - Virgina Department of Enviroomental Quality Standard for Surface Water 

BE 

N/A 

ifi 
470 

17oooa 
4.5 

N/A 

80.7 

3519 



COMPOUND 
i3HLOROMETHANE 
BROMOMETHANE 
VINYL CHLORIDE 
CHLOfXGTHANF .--.. _ . ..- 
METH YLENE CHLORIDE 
ACETONE 
CARBON DISULFIDE 
1, I-DICHLORDETHENE 
I, 1 -DICHLOROETHANE 
1.2-DICHLOROETHENE 
GUI ClROFc3RM -. .--..-. - . . . 
I ,ZDICHLOROETHANE 
2.BUTANONE 
1,l. I-TRICHLOROETHANE 
CARBON TETRACHLORIDE 
V#ffL ACFTATF 

BROM 
1.2-DICHLOROPROPANE 
CIS1,3-DICHLORDPRDPENE 
TRICHLOROETHENE 
DIBROMDCHLOROMETHANE 
1,1,2-TRICHLOROETHANE 
PFWFNF 

1 
t 

. .--.. ..- 
ODICHLOROMETHANE 

--. --. .- 
TRANS-1.3-DICHLOROPROPENE 
3ROMOFORM 
I-METHYL-2PENTANONE 

ETRACHLOROETHENE 

k 
Note: Cone - Concentration 

U 10 
U 10 
U 10 
I8 B 5 
18 10 
U 
U z 
U 5 

: z 
U 5 
U 10 
U 5 
U 5 
U 10 
U 5 
U 
U z 
U 5 

: z 
U 
U 5: 
U 5 
U 10 
U 10 

E 5 5 
U 
U i: 
U 
U s 

B . Annlyle was found In the associated blank. 
E - Analyle concentratione exceeded the calibration ran9e cl the GUMS instrument 

. . . . . ., . . .,. 
G;I~ . . p . . . . . . . . . . . . . . . &l?nrF 5 s, e! $arnplGw .: :.:. ::. :. :. .: . . . . . . . . . . . . :. . . . . . .-:-:.:.:-.-. ..:... .:... _... .. . . . :. ..::. :.: ,.:... . . . .. “.’ . . . . . . . ., .:...... . . . . . . . . . . . . . . . . . :~:~.:~:-::;:,:::,‘~:.:.-:::::.:::.: ,.,. ::y,:.:::::.:: :.i’.:;:.::::.:::::::.:::: ::.:.:.::. ::.::::::j.:: :. .:. ,:..:.,. ::;:,j..:.; . .._ . . . . . . . . . ..__..... . . . . ._,.,_.. .:.:....:.:.:.)‘:.:.:.....!.:.:.:.:.:.c>. . . . . . . . . .::.: . . . . .: .:. ..:: :.: . . . . . . . . . . . . . :.:j, 1.. “. :’ -.. . . . . . . . . . . : . . . . . .j.. . . . .I./ :::. ..:. ..\....:. . . . . . :: :.+:: . . .: . . . . . . . .:... .:.: .:: . . ,:.:::. .:. . . . . . :., : . . ?. . . 

Kla EzsELmv 

)ETECTION DETECTION DETECTION DETECTION DETECTION DETECTION DETECTION 
LIMIT CONC. LIMIT CONC. LIMIT CONC. LIMIT CONC. 
wlm (Ugn) WIM) hw (ugn) wn (ugn) (&yl) 

10 u 10 u 10 u 10 u 
U 
U 
U 
25 
45 
U 
4 
U 
U 

ii 
U 

:: 

:: 
U 
U 
U 

ki 

:: 
U 

ii 
U 
U 
U 
U 

:: 

U 
U 
U 
U 
19 B 
U 

uu 
U 

:: 
U 
U 
U 

:: 
U 

:: 

:: 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

- 
LIMIT 
M!!!L6. 

10 
10 
10 
5 

10 

ii 
5 

7 
5 

10 

5 
IO 
5 

z 

z 
5 
5 

i: 
10 
IO 

s 

ii 
5 

5 

CONC. LIMIT CONC. LIMIT CONC 
(Uon) (tipn) (ugn) km (Ug/l) 

U 10 u 10 
U 10 
U 10 
U 10 
17 B 5 
42 10 
U 5 
U 5 
U 
:: s 

U : 
U 10 
U 5 
U 5 
U 10 
U 5 

:: 5 5 

:: : 
U 5 
U 

i 2 5 
U 10 
U 10 

i 5 5 

: z 

i i 

U 10 
U 10 
U 10 
9 5 
63 10 
U 5 
U 5 
U 
U : 
U 5 
:: 5 

10 
U 
U z 
U IO 
U 5 

:: i: 
U 
U : 
U 5 
i 5 

5 
U 5 
U IO 
U 10 
U 
U f 
i 5 

5 
U 
U : 

U -Compound analyzed for but not detected 
J - Estimated concentration below detection limit 



LOROMETHANE 

DICHLOROETHENE 

l-TRICHLOROEWANE 

ICHLOROPROPENE 

XZTECTION DETECTION DETECTION DETECTION DETECTION DETECTION DETECTION 
LIMIT CONC. LIMIT CONC LIMIT CONC. LIMIT CONC LIMIT CONC. LIMIT CONC LIMIT CONC. 

10 U 10 U 10 U 10 U 10 U 10 U 10 U 
10 u 10 U 10 U 10 U 10 U 10 U 10 U 
10 U IO U IO U 10 U 10 U 10 U 10 U 
10 U 10 

l” 
10 

2ug 
10 10 U 10 U 10 U 

5 14 B 5 a 5 B 5 i 5 17 B 5 9 5 U 
10 12 B 10 18 10 45 10 19 B 10 42 10 63 10 120 

E 
U 

55 
U 

: 
U 

U U 4 J i: 
U U U 2 
U z U i U i U 

: 
U 

: 
U 5 U 5 U 5 U 

i 
U 

i 
U 

U U 5 U 
8 

U 
i 

U U U 

: 
U 5 U 5 U U U 5 U U 
U 5 U 5 U 5 U 5 U 5 U i U 

10 U 10 U 10 U 10 U 10 U 10 U 10 U 
5 U 5 U 5 U 5 U U U 5 1 
5 U 5 U 5 U 3 U i: U : U 3 U 

10 U 10 U 10 U 10 U 10 U 10 U 10 

i 
U 5 U 5 U U 5 U 5 U :: 
U 

5 U : 
U 
U ; 

U z U 5 U U : U 
U 5 U 5 U z U U 

5 U 5 U 5 U 5 U 3 U 5 U : U 

z 
U 

: i E :: z ii 
5 U 5 U U 

U 3 U 5 U : 

: 
U 5 U 5 U 3 U 3 U 5 i 
U 5 U 5 U 3 U 

: 
U 5 ; 5 3 U 

5 U 5 U 5 U 5 U U 5 U 3 U 

10 U 10 U 10 U 
10 U 10 U IO U 1: 

U 10 U 10 U 10 U 

U 10 U 10 U 10 U 

i 
U 

x 
U 5 U U U 3 U 

U U 5 U z U i u 55 
i 

3 U 

: 

U 

: 

U 5 U 5 U 3 U 5 U 3 U 

U U 5 U 5 U 5 U 5 U 5 U 

5 U 
: 

U 
5" 

U 5 u 5 U 3 U 3 U 

5 U U U 5 U 5 U 5 U 5 U 

-5 u 5 u 2 u 5 u -----.-I! u 5 1 J 5 U ~-- -__ 

6 _ Analyte was found in the rssoclated blank U - Compound analyzed for but not detected 
E - Analyte concentrahns r&ad the calibration range of the GCYMS insbument J - Estimated concentrat+on below detach limil 



1 ,l -DICtiLOROETtiANE <I .oo 4 .oo Cl.00 cl.00 

1,2-DJCHLOROETHANE <I.00 <I.00 G.00 6.00 

TETRACHLOROETHENE <I.00 10.5 3.56 Cl.00 

JRICHLORCETHENE cl.00 10.00 3.03 Cl.00 

Note: FD - Field Duplicate 
EQPBLK -Equipment Blank 
FLDBlK - Field Blank 
TRPBLK - Trip Blank 

25 2.82 1.07 <l .oo <l 00 d 00 21.9 1 01 cl 00 <I 00 <l 00 Cl 00 

Cl.00 s1.00 a00 d.00 400 4 00 <lOOO 4.00 <l 00 4 00 <I.00 4 00 

Cl.00 1.25 1 17 66.4 31.8 <I 00 706 9.24 160 Cl .oo cl.00 cl 00 

4 51 22.4 37.3 10.6 6 $- ~1 .OO 11.2 9.99 5.23 Cl 00 cl.00 400 

VOCTAB.WK3 



W) (l-5) 

U U U U U u 

NOTE: Numbers in brackets indicate estimated concentralion of hydrocarbon that does not match reference standards 
U - B&w Quantibation Limits 



SAMPLE DEPTH 

REFERENCE OIL STANDARD 

RANSMlSSlON FLUID 

REFERENCE STANDARDS (<I) (<I) . 

NOTE: Numbers in brackets indicate estimated concen tration of hydrocarbon that does not match reference standards 
U - Below Quantitication Limits 



‘. . . . . . . . . . . . . . ‘.‘.. ., . . . . . . . :. .,. 
.:..:::..:.::. . . . . . . . . . ., . . . . . 

., 
. . . 

,,,.,.i,.,., ,,,: .,., ,: ;,:: ..:.: .,.. :,: ..‘. ,,.,’ .’ .,. 
. . . . . . .>. 

.,.,..., ,,,, :. . . . . :::: ... .,.. ,..,,. ,. ., .,.. :. :.:,.: . . . . . 
. . . yjj.: 

. . . ., .?:.~@ff ~.~o’.surnm3ru~.~~C:~~i?jl~~Mefa~DatakFI~~! (u~~.::..1..::i:i:.I...:~:::.:-.i:-: ,,., .y: ,,.::..::: .. ,:.,,‘,“‘, ,‘, ‘,,‘,.I” -,. 

: 
.:..:.:.. ,.:. . : 7 

f’.;..:; .: :j :i, : .., ::. ..; ::.. :,:; :: .,... :...;, .:‘.z ,:-:;.; r..,iyfr,:;: ‘:. ,~,~~,:,~~-~~~~~:-‘.-.‘-.-:::- : : .: +: ..:. 2, :. .:‘...:;.y. .: y: ... .. : .:: 
:. .: -:,: .:, .:: .,, ,,’ 

. 
SAMPLE NO. 

-__ -.---p- ‘..-- 
SW-l-2 SW-2-2. SW-32 -SW&-zFD SW42 SW-4 SW-C2 BGSW-8-1 VDEQ -- 

STANDARDS 
DETECTION DETECTION DETECTION DETECTION DETECTION DETECTION DETECTION DETECTION 

COMPOUND LlMlT CONC. LlMlT CONC. LlMlT CONC. LfMlT CONC. LlMlT CONC. LIMIT CONC. LlMlT CONC. LIMIT CONC. 1 I 
~ 52 u 52 U 52 u 52 u 52 u 

7.0 171 3.0 B 4.6 B 14.8 1208 
173 

3B 68 26 28 
3 u 3 8B 3 u 3 u 3 1: 3 u 

4 158 4 281 4 98 4 148 4 206 4 48 

48 75 4 u 4 58 4 55 

43 4.5B 43 116 43 1.8B 43 2.5 B 43 102 43 u 

52 978 52 U 
337 11.8b B 50 

1000 
33 46 

366 3 u 0.4 

4 1120 4 26 50 

4 261 4 11 loo0 

43 516 43 156 50 

0.2 u 0.2 0.22 B 0.2 u 0.2 u 0.2 u 02 u 0.2 u 0.2 u 0.05 
21 B B!i 11 u 11 B 87 472 12B 

2 u 10 u 2 u : U 10 u 53 906 10 u : U 10 
7 u 7 u 7 u u 7 u 7 120 7 u 

270 
3 u 3 u 3 u 3 u 3 u 3 u 3 u 

33 354 11 17 416 1580 45 50 
2. 

U - Analyte analyzad for but not detested 
B - Detected above Instrument detection limit 

but bslwv required method detection limit 
FD - Field Duplicate 
VDEQ Standards -Virginia Department of Environmental Oualii Groundwater Standards 

TOTALMET.Wlr’ 



,, :....:.. ,,.,, .,. ..: . . . . . . . . .,,. :: ,,, .. ... 
. . . . . . . . ..A. .:., ::/ ., 

. ..’ : ..‘.‘. .‘. .‘...‘... .’ .:.: . . . . . . .., . . . . . : 
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SAMPLE NO. GW-l-2 GW-3-2 GW-4-2 GW42FD VDEQ - 
STANDARDS 

,ETECTION DETECTION DETECTION DETECTION I 
!z!Y!L CONC. LMT CONC. LtMtT CON’.?. LtMT CONC. 

33 27 41 42 B 
20.3 

5 48 48 48 
3 u 3 u 3 8 3 9 

4 18 4 22 4 63B 4 120 

11 B QB 4 23B 4 31 

43 17.80 43 26.96 43 19.3 B 43 46.7 

0.2 u 0.2 u 0.2 0.3 0.2 0.38 

f u U : u U 4 5 u u 4 5 48 u 

2 u 1 u 1 u 1 u 

U - Anatyte analyzed for but not detectad 
6 - D&acted above Instrument detection limit 

but below required method detection limit 
FD - Field Duplicate 
VDEa Standards - Vwginia Department of Environmental Quality Groundwaler Standards 

TOTIUklET.WKl 



ARSENIC 

LEAD 

SELENIUM 

THALLIUM 

CADMIUM 

SILVER 

BERYLLIUM 

CHROMIUM 

COPPER 

NICKEL 

ANTIMONY 

fL1NC- 

I MERCURY co.050 

10.9 

Cl.5 

s1.5 

4.5 

co.1 

<2 70 

cl.60 

12.3 

e4.20 

cl2.2 

47.6 

co.050 

7.0 

Cl.5 

Cl 5 

cl.5 

co.1 

~2.70 

cl.60 

c5.30 

~4.20 

c12.2 

52.1 

co 050 

s1.5 

cl.5 

<I 5 

ci 5 

CO.1 

<2 70 

Cl.60 

a 00 

~4.20 

cl2 2 

40.4 

0 140 

Cl.5 

cl.5 

<I 5 

4.5 

<o 1 

<2 70 

cl 60 

<5 30 

~4.20 

Cl2 2 

40 3 

co 050 

4 5 

Cl5 

<l 5 

cl.5 

<o 1 

<2 70 

4 60 

11.5 

~4.20 

<12.2 

52 2 

<o 050 

Cl.5 

cl.5 

Cl 5 

cl.5 

<o 1 

0 53 

Cl 60 

0 61 

<4 20 

cl2 2 

41 3 

<0.050 

cl .5 

cl.5 

Cl 5 

cl.5 

CO.1 

4 65 

cl 60 

c5 30 

<4 20 

c12.2 

51 2 

co 050 

4.5 

cl.5 

cl.5 

<1.5 

0.1 

~2.70 

4 60 

c5.30 

<4 20 

c12.2 

41 2 

qo.050 

a1.5 

Cl.5 

cl 5 

4.5 

co.1 

~2.70 

~1 60 

c5 30 

<4 20 

Cl22 

47 7 

<o 050 

Cl 5 

cl.5 

xl.5 

Cl.5 

0.2 

~2.70 

~1 60 

6 16 

<4 20 

Cl2 2 

46 0 

co.050 

4 5 

<l 5 

<I 5 

cl 5 

0.5 

<2 70 

cl 60 

7 03 

<4 20 

<122 

51 2 

co.050 

Cl.5 

4 5 

Cl 5 

Cl 5 

co.1 

~2.70 

cl.60 

7 92 

c4 20 

Cl2 2 

51.2 

co 050 

4.5 

1.6 

4 5 

Cl.5 

02 

~2.70 

~1 60 

c5.30 

~4.20 

cl2.2 

322 

<0.050 

Cl.5 

1.5 

<l 5 

<l 5 

<o 1 

<2 70 

4 60 

<5 30 

<4 20 

c12.2 

347 

co 050 

4.5 

cl.5 

Cl.5 

Cl .5 

co.1 

22 5 

~1 60 

c5.30 

<4 20 

Cl22 

16 6 

co.050 co.050 

4.5 <l 5 

cl .5 ql.5 

Cl.5 ql.5 

cl .5 <I.5 

co.1 co.1 

4 21 <2 70 

~1 60 cl.60 

<5 30 -3 30 

c4 20 <4 20 

Cl22 Cl2 2 

20 0 16.5 

4 52 Cl.00 cl 00 4.00 4 00 Cl 00 Cl 00 <l 00 cl 00 <I 00 4 00 Cl .oo -=I 00 <l 00 --__.--- Al2 4 11 7.25 -~ --. --- _--e- 

Notes: 
F - Filtered Sample 
FD - FieM Duplicate 
EQUIPRNS - Equipment Blank 
FLDBLK - Field Blank 

PRIPOL.WKJ 



BERYLLIUM (mg&g) 

MAGNESIUM (mgdcg) 

MANGANESE (mgkg) 

MERCURY (mghg) 

CXXULFAN. A(uplkp) 

DOSULFAN. 8 (uglkg) 

NDOSULFAN SULFATE 

ORIN KETONE Wkg: 

EPTACHLOR (usncg) 

,- 

SEWMENT SAMPLES 
RESULTS OF ANALYSIS 

co. i ?I co. 
4760 ) 15801 

10 c5.Q 
/ 

2.07 5.wl 
68.5 24.2 / 

! 
<ox25 

‘O-7 

1.37 0.709 / 

2910 645001 

32.4 131 

128 2.19 

120 23 

14800 264oa 

105 350 

4oGl 3220 

138 322 

0.398 0.319 1 

~0.262 co. 

‘0.262 co. 

co.707 40 

co.707 <o 

co.707 40 

co.707 co 

co.707 40 

co.707 co 

co.707 do 

ETHOXYCHLOR @@kg) 

PH. AS MESEL (mghg) 

ROMODlCHLOROMETHANE 

ROMOFORM (uglkg) 

BROMOMETWNE (ug/kg) 

SON DISULFIDE (ugikg) 

SON TETRACHLORIDE (uglkg) 

LOROEENZENE (@kg) 

LOROETHANE (up/kg) 

LOROFORM &g/kg) 

LOROMETHANE (uglkg) 

OMOCHLOROMETHANE 

l.l-OICHLOROEWL4NE @@kg) 

l.2-D!CHLOROEWANE (uglkg) 

l,l-DICHLOROOHYLENE (q/kg) 

1 .I-DICHLOROMENE (ug/kg) 

1.2-DICHLOROETHENE (ug/kg) 

1.2~DICHLOROfROPANE (u&g) 

CHLOROPROPENE 

3-DICHLOROPROPENE 

ENE CHLORIDE (u@‘kg) 

ETHn KETONE (@kg) 

ISOWTYI KETONE 

-TETRACHLOROETHANE 

EFRACHL~~~~HENE (uglkg) 

.l.l-TRICHCOROEWANE @g&g) 

1.1.2-TRICHLOROETHANE (uqlkg) 

ICHLORORHENE (ug/kg) 

CHLORIDE (ugikg) 

ACETATE (q/kg) 

<5. i 

c5.q 

c5.3 

e?3 

C5.3 

c5.3 

63 

c5.3 

c5.3 

c5.3 

c5.3 

c5.3 

c5.3 

6. 

c5.3 

c5.3 

c5.3 

-=5.3 

Cl1 

e5.3 

<I1 

41 

63 

6.3 

c5.3 

es.3 

4.3 

c5.3 

C5.3 

6.3 

6.3 

co.7 

~72. 

c14. 

i 

Cl - 

<l 

Cl 

<l 

Cl 3 

<o.olEd 
<0.5 
co. 1 
co.1 
co.1 
co.1 
co.1 

co.1 

co.1 

<0.41 

<0.41 

4C 

c5.a 

c5.a 

<5. 

<5. 

c5. 

<5. 

<5. 

<5. 

6. 

<5. 

C5. 

<5. 

4 

<5. 

<5. 

c5. 

4. 

<5. 

<5. 

<5. 

Cl 

<5. 

Cl 

es. 

6 

<5. 

<5. 

4 

c5 

<5 

C5 

c5 



Appendix H 

Results of Sieve Analyses 



P 
E 
R 
C 
E 
?( 
T 

F 
I 
?I 
E 
R 

B 
Y 

W 
E 
I 

1 
I 

30; 

7oI- 

60 I 

506 
I 

*oi- 

30- 

20 - 

1Ov 

0 

SSIF 
#4 
#6 
t20 
140 
t60 
1100 
#ZOO 

. 
EEEE 

100.0 
99,s p 

92.9 
79.2 PRCUECTNUMBER WI- . 
6l.a4 
26.9 
18.0 



P 
E 
R 
C 
E 
N 
T 

F 
I 
N 
E 
R 

B 
Y 

W 
E 
I 
G . 

I* 

SIEVE 
SIZE 
3/4 in. 
3/0 in. 

PERCZHT 
PASSING 

LOO,0 
97.0 _ 

14 
110 
I20 
t40 
#60 

::x: 

PI I DESCRIPTION 1 

~~BOIUNGNUMBER 
86.7 
67.4 ' PROJECXNUMBER WI- 

45.9 
26.8 
15.9 

9.6 



P 
E 
R 
C 
E 

P 

F 
I 
N 
E 
R 

B 
Y 

W 
E 
I 
G 

'H 
T 

us. STANDARD SIEVE SIZES 
3‘ 2’ ;‘3/4’ 3/r 4 10 20 10 60 100 ,a 

1 rxmi (NATWC t ~1 nl PII 
0 s3JJ 

DESCR'PIION 

SSIF epME 
3/8 in. LOO*0 
t4. 99.8 

\ #LO 99.6 
I20 97.6 
t4o 93.6 PROJECTNUMBER Wl- . 
t60 79.4 
1100 41.6 
#ZOO 22-s 



P 
E 
R 
C 
E 
N 
T 

F 
I 
N 
E 
R 

B 
Y 

W 
E 
I 
G 
H 
r 

80 

70 

60 

50 

CO 

30 

20 

US.STANDARDSIEYESIZES 
,-. 

3‘ 2. i-3/4- 3/a' 4 10 3 u) CQ iW 00 

l-- 

1 DEE*II~ (NATWCILLIPL~PI( 

0 220 
DESCRIPTION 

c 

SIXVE 
SIZE 

3/8 in. 
#A 
(10 

PERcExr * 
PASSIZZG 

LOO.0 
99-s ' 
97.7 

t20 93.1 
81.3 - 

WI- 
140 I 
460 39-3 ~Slima&~fzIc ,I .-- 
#lOO 
#ZOO 

-- -- 
17.2 

7.1 



Appendix I 

Groundwater (MODFLOW) Output File 



211 217 
0 32 .a, .ls 34 J3 .h6 .rl .A6 3s Lo4 tu LZI I.29 L37 LU LSZ 

L.59 166 LR 178 L&4 1.90 1% 199 tm 2% 209 212 214 LIS 216 

217 217 
033 .oO .I6 # 34 .67 .77 .a7 .% LOS L14 Ltz l.30 L37 L4.5 LSZ 

Lr9 L66 LR 178 L84 l.89 L94 L% id2 2% 20 211 213 215 216 
216 211 

034 .a3 .19 A0 .ss .68 .m .&I .9l LM L14 LP w L38 L4.5 LJ3 
L60 L66 L72 L78 184 L89 194 l.99 2u2 2M 2QI 210 zu 214 21s 
216 216 

03.5 .a) 20 .41 54 .fLl .m .aa .97 Lo6 LlS l.tt L31 Lz.8 L46 LS3 
160 166 tn Lla La4 LIP) L93 I.98 201 2s 207 210 2l2 2x3 21s 
2lS 216 

036 .a, 21 .42 J7 &I .m .a9 .98 Lo7 LU LP Ul L39 l.46 153 
L6Q LY L72 L78 Lm L8B L93 197 201 294 207 209 211 213 214 

21s 2u 
037 .M .21 .Q 57 .69 .m Xi9 .W LO7 l-16 L24 L32 L39 L46 153 

L69 L66 LR 178 Lm LEB L93 197 200 204 207 209 211 2U 214 

2lS 2L5 
03a .m .Ll A3 J7 .69 2x3 .a9 .99 LO7 L16 l.24 132 l-39 l.47 LS4 

l.m L66 Ln 178 LB3 188 L92 197 2m 2m 2M 209 211 2lz 214 

214 2L5 
OR .oo .21 A3 38 .m .a0 .m .99 LOB L16 L24 Lx 140 L47 l-54 

L60 l.67 172 Lf8 l-5 L&8 L92 t% 200 2m 2% LOB 210 2U 2l3 
214 214 

040 .oo .21 43 33 .m .m .w .99 LOB L16 L24 L32 L40 L47 LS4 
L6a L67 L72 L78 Lm LS8 LX? L% ZOO 203 2% LOB 210 212 213 

214 214 
041 .a, .21 Al .58 .m .m .w .99 LOB L16 LZS U2 140 L47 LS4 

l.60 L67 LR L78 LS3 L&8 L92 L% ZOO 2m 206 ZOB 210 212 2l3 
214 214 

0 42 .m .21 .43 ~8 .m .m 30 .99 LOB L17 L2.5 L32 LQ L47 L.54 
Lb0 L67 172 L78 LID L88 l.97. L% 2W 2m 2% 2oB 210 2l2 2l3 
214 214 

00 .oo .21 4.3 SE .m .m .90 .w LOB l.17 Lz5 L3.l L40 L47 LS4 

L(O L61 172 L78 Lrn L&3 L92 L% rfm 2m 206 rca 210 212 2l3 
214 214 

OHEADW1UBRSAM?DONUFRTSOATEM3OPnMESiEP L-PERIOD 1 
0 

VOLlJMEIRlC BUMET FOR EWtXZJZ MODEL AT END OF TIME !XEP 1 IN SlREss PERIOD 1 

0 cuMuIAnvE VOWMI?s L-3 RATaFORTl-BSllMESreP L-M 

M: M: 

!SIORAGE- .omoO 
coNsTANrHmD= .amo 

RlEHARGE - .31WE+U7 

0 TOTAL IN - .31357E+U7 
0 OWI? 

- 

Sl’ORAGE- .00000 

CONSTm HUD - J144w+o7 
RlmtARGe- .@mo 

0 TomL om = .3144@*07 

0 m-our- J32ss-3 

0 PBRCENTDISCREPANCY . -a 

SIORAG@- .amO 
CoNsrANTHeAD- .moOO 

RECHARGE = Bs9l.O 

NYIXL IN - 6S9l.O 
OUR 

- 

~I-~R.~GE- mm0 

CONSIXNT HEAD - 6613.6 
REHARGE- .WOO 

lVTAI.OI.T= W3.6 
IN. OIJl. - -a617 

P@RCWT DISCRBPANCY - -26 

0 

‘IlMESUMhiARYATBNDOP’IlMESlW 1INSIReSSPERIOD 1 
smNDs .MIMJtES HOURS DAY5 YIURS 

TcMBsrEPmm -1u3aE*oB s2saA 8HoRo 36s.mo .W# 
SIXES PERIOD llME .33s3aE*lm sLs600. m&o0 3&s.o00 .999316 

TOTAL SIMULATION TlME .3u36oE*o8 s25600. s7~00 MTQIO .999316 



023 .m .m 37 .m .64 .69 .76 .M .91 .99 Lo7 L14 121 129 w 
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.m 

Ul 

.M 
u7 

34 .w 35 
LU 114 us 

.a5 .m ~6 
120 I.23 I.25 

36 .m 58 
1211 l.32 I.35 

.07 .w .bQ 

Ls LY) l.44 

.W J7 .bl 
LQ l.47 L52 

58 A.3 .b9 .7s .I1 .@6 .91 36 Loo 
Llb 118 l.17 Ll3 LU7 LOO 92 .a4 .7s 

.bo .bb .R .7a A4 .w 35 I.01 LOS 
I.28 Ul l.32 L30 l.26 Ul 11s I.@3 La2 

.u .b9 .n x .w 94 tm LM LIO 
I.39 LU I.45 149 LU 14o us l.3o L2S 

A5 .71 .78 a.5 .91 .5e Lo4 I.10 l.ls 
I.49 us Lsa ts9 w I.54 L.53 I.49 144 

.bl .74 .a1 .w .% LO1 ton 114 120 
LS6 164 Lb6 L7Q 171 170 Lb.3 I.65 Lb1 

020 .m .a2 .m .m 58 .63 .69 .76 .&( .91 .% Los I.11 l.18 I.24 
Ul U7 LO l.48 l-54 L.59 L66 L73 I.78 LB1 LS! L82 180 t.78 t7S 

1’10 I.67 
021 .m .m .ob .w .w .65 .72 .79 .w .w LO1 tm l.u l.22 LW 

us ~42 ~48 u4 ~60 tb6 tn LW LS ~89 191 191 L91 ~89 ~86 

La2 I.79 
on .m .m .a7 .m .62 .67 .74 .I?1 .a9 .% l.D( l.11 l.18 L2.5 u2 

I.39 146 L.53 l-59 163 l.72 L79 l.66 192 L% L96 L99 L99 197 L95 

L91 La9 



1 1 

ols-1.1.1l1111111111111111111111111I 
1 1 

016-1-l-1 11 11 11 11 11 11 11 11 11 11 11 11 11 1 
1 1 

017-1-1-1111111111111111111111111111 
1 1 

018-1.1-1111111111111111111111111111 
1 1 

01).1.l1111111111111111111111111111 
1 1 

om-l.lllllllllll1llll1llll1lllllll 
1 1 

02l-1-1111111111111111111t111111111 
1 1 

022-1-11111111111111111111111111111 
1 1 

023-1-11111111111111111111111111111 
1 1 

024-t-1111111t111111t11111111111111 
1 1 

025-1-11111111111111111111111111111 
1 1 

026.1.11111111111111t11111111111111 
1 1 

027-1-11111111111111111~11111~11111 
1 1 

om.i.aaiiaiiiiiiiiiiiiiiiii~i:iiii 
I 1 

029-111111111111111111111111111111 
1 1 

030.111111111111111111111111111111 

1 1 
031-111111111111111111111111111111 

1 1 
032.111111111111111111111111111111 

1 1 
033.111111111111111111111111111111 

1 1 
034-i11111111111111111111111111111 

1 1 
03s.111111111111111111111111111111 

1 1 
036.111111111111111111111111111111 

1 1 
037-1111111ttt11t1111111I1I1111t11 

1 1 
038.l11111111111111111111111111111 

1 1 
039.111111111111111111111111111111 

1 1 
040.l11111111111111111111111111111 

1 1 
041.l11111111111111111111111111111 

1 1 

042.11111111111.1111111111111111111 

1 1 
043.l11111111111111111111111111111 

I 1 
PAQUIi’@RHEADWlUBBSIS?TO .00000 AT AU N@PlBW NODES (IBOUND-0). 
0 lNmALHEu)- .MOOODO FORLAYER 1 

0 INnlALHlMD- .OOWWO FORlAYER 
WflUDPRINTFORMATlSFORMATNUMBER 4 DRAWDOWNPRfNTFORMATlSFORh4ATNUMBER 4 
OHMDSWlUBESAVRDON~SO DRAWDOWNSWlLLBESAWDONlJNW 0 
lXWl?WCONIROLLSSP-EVERY7lMESTEP 
0 COLUMN ID ROW ANlS.tYIROPY - LQlQm 

0 DeLR- UJQXD 

0 DeLC- - 
0 HYD.COND.AUJNG ROWS- lQ9OW FORLAYER 1 

0 Balmxl- -~ormO FORLAYER 1 

0 VERTHYDCOND/lIiICKNES- S-1f‘ORLAYER 1 

0 TlUNSMlS ALONG ROWS - S4MOOO FOR LAKER 2 

0 

SOLUI’ION BY IWE SlltONGLY IMPLlCrr PROCEDURE 

0 uAxlMLlMneRAnONsAUllwEDmRMSURer 50 
ACCeLeRAnON PAIUMRII?Jt - LQloD 

HEAD CHANGE CRIlWUONQOR-I .I- 
SIP HEAD CHANGE PRWlQW INTERVAL - 1 



0 
s mmAllON PARAMEreRs r2ALcuum FROM SPeaTBD WEED - .xmiuxM : 

.mo6o66B+00 .6?2172oE*00 .96837nE+oD .9!M376a+oo .999rmoe+oo 
1 RRJZZPERlODNO. 1.LEW3l-H - WAX0 

NTJMBeROFTR.4ESlTPS - 1 

MULYlPUBR FOR DE?LT - LOOD 

~lll.iEmslzE = x.wmo 
0 

RECHARGE WlLL BE RE!AD ON IJNW 20 USING FORMAT: (3ZP53) 

1 2 3 4 5 6 7 6 9 10 11 12 l3 14 lS 
16 17 16 19 20 21 22 23 24 25 26 27 26 29 30 
31 32 

0 1 MIO .mlo .mio mio .mto .OOIO .taio .aoio .mio .a310 .a310 ml0 .a016 .a010 ml0 - - _.._ .~ 
.mio ml0 .oolo smio .coio .mlo .oo~e .OOIO mio mio .mlo .0010 .0010 ml0 ml0 
.oolO .oolO 

0 2 .cmo ml0 .m10 .mio .wio .mio .coio .mio a010 a310 .m10 mio .wo so10 .a310 
.0010 .0010 x010 .a310 .imo .coio .mlo .w10 .m10 .mto .0x0 .ooio .mlo .0010 ml0 

ml0 .mio 
0 3 .mio .ooto .mio .m10 .a010 .m10 .mio .mio .m10 .colo .0x0 .mio .mlo .mlo ml0 

.ooio .ooio .mio ml0 .m10 .mio .mlo .mlo .0x0 .0x0 .mio .m10 ml0 .mio .oolo 

.a310 .ano 
0 4 .mio .ooio mio .a)10 .cvxo .mo mo .mlo .mlo .oo~o .a310 mro .mlo mto .0010 

.mio .coio .mio mio ~3010 .mlo .axo do10 .mio .mio .mio .mio .mio .0010 .mio 

.0610 .u)lO 
0 5 .m10 .ooio .mlo do10 soi .mlo .mlo .0x0 .mlo .co10 .ooio .mio .0010 .ooto .mlo 

.oolO .0016 .oolO .0010 .oolO .a310 .0010 .cQlO ml0 ml0 .colO .oolO .oolO ml0 .0010 

.a)10 .0x0 
0 6 .ooio .0x0 .ooio .mio a010 .mo x010 .mio .mlo .WIO .a010 .cao .coio ml0 .ooto 

.06io .mio .ooio a010 .a010 .0x0 .mlo .0010 .WIO ~3010 .auo .mlo .mlo .co10 .mlo 

.lwo .6010 
0 7 .mio mo .0x0 .mto .0010 .OOIO .oolo .ooio .6010 .a310 .ooio .caro .mlo .wlo .oolo 

3010 .mio mio .ooio do10 mio .oo~o .cao .oolo .mio .mio .ooio ~3010 ml0 .0010 

ml0 .mo 
0 a .Q)lO .oolO .a310 Ml0 .a610 .0010 .m10 .oolO ml0 ml0 .oolO .cmlO .aolO .ooto .allO 

ml6 .ooio .oolo ml0 .mlo .mto ~3010 .a310 .m10 .oolo a010 .0010 .0010 ax0 .axo 
.rnlO .oolO 

0 9 .mo .WlO .WlO .6010 .rnlO .WlO .colO ml0 .0010 .001o .WlO ml0 .6010 .0610 .6010 
.ooio mo ml0 a010 .a)10 .mio .auo .cmo mio .mio .ooio .a310 .mlo .m10 a010 

.a010 .a10 
0 lo .mio ~010 .ooio a010 .ooio .oolo .0010 .0x0 a010 .ooio .ooio .mo .wio .mio .ooio 

.mi6 .mir mla mu .m18 .0018 mu ml8 mis .can .m18 ,001s a018 .a318 .oou 

.0016 .0016 

0 11 do10 .mio .mlo ml0 .0010 mio .0010 .oolo mio x010 .ooro .oolo .OOIO .0010 .OOIO 
x016 mu .mio a18 .mi8 .mia so18 .mia mu .mla mu .mu3 .001.6 .a18 .mi8 

ml6 .0016 
0 u .ooio .6oio 3010 .a310 ml0 .oolo .ooio .ooio .mto .caio .ooio .mto soi0 .0x0 .cao 

.Wl6 .a)16 .6Ol6 .0016 .0016 .6016 .01X6 .0016 .OaU .Q)lE .COlJJ .64X6 .a016 .6016 .a)16 

.OOU .6616 

OU .oolO .Q)IO .WlO .oolO ml0 .oolO .a310 .0016 .aNo .a010 .WlO .oolO .6010 ml0 .WlO 
.oOlE .0016 A016 .6016 .6018 .Q)I8 .oOl6 A016 .Q)lE .Q)IE ,Q)lE .6616 .WM .O616 .W16 

.ml6 .cQu 
0 14 ml6 NJ10 .oolO .oolO AolO .oolO .a310 .OlO .colO .6010 .Q)lO .m10 Awl0 .0610 .allO 

.COP .&I16 .lWlS .1X16 .0018 .&NE .0016 .Q)96 .Q)90 .oo90 .6OW .oo90 .6O96 .IXMI .0096 

.0016 .Wl6 
0 l.5 A010 .@I10 .WlO .6010 .oOlO NOlO .6010 .WlO X610 .@I0 .6010 .OOlO .6616 .oOlO JO10 

.0616 ~I616 .W18 A616 .COlE .0018 .OOlS .W90 .Q)9Q SO96 .W96 SO90 .WO .oosO .OCW 

.ooU .rnlE 
0 16 .a010 .mio .mi6 A010 .m10 .mlo .6010 .0x0 .WIO x010 mro .wio .ooio .a010 .0x0 

.6016 .64X6 .OO18 .W16 .0016 .W16 .6016 .W30 .06W .4190 .@M .6W6 .W’N .lU90 .COW 

.OOlE .6016 
0 17 .0010 ml0 ml0 .a310 .mlo .aoto .coio .mio .m10 .mlo .wlo .0310 .a310 .cao .0010 

.6616 .Wl6 .0X6 .Ml6 .Q)16 .OOM .oOlll .CO!30 .WO .Q)90 .OC96 .oo90 .OOW .OO!Xl .0090 

.0016 .@I16 
0 16 .OOlO .OOlO .WlO 4010 .6610 .6010 A010 ml0 .&NO .6010 .MIO .6010 .a)10 .OOlO .O610 

.0616 .6016 .6616 .OOlS .0016 .9X6 &X6 .6OM .a)po .OW .Q)90 .OOW .m 11090 .W’N 

.ml6 ml6 
o 19 .OOlO .0016 .WlO .6610 .0610 .a010 .tXtlO .OOIO ml0 4010 .0010 .6010 8010 .6010 .WlO 

.6616 .6Ol6 .oOl6 .OOP .0016 .0016 .a)16 .Q)90 3096 .OOWJ .@W .06W 4096 .6090 .Q190 
3616 .Q)lE 

0 20 .oolO .oolO ml0 a10 .oolO ml0 ml0 ml0 .a010 .auo .m10 .Q)IO .allO .6010 mto 
.0016 .COlE .6016 .WUl .66I6 .Ml8 .CO16 .6OW .tuW6 .oo90 .6W6 .W96 .oo90 .oo90 .UH6 



1 US GECIILIGICAL SURVEY MODUL4R FlNl’l%DlFFB!MN CE GROUNDWATER MODeL 
00R~~11Slmgh-Ndi~kN~BwNddtVi 

ZIAYEIU 43 ROWS 32 COWMNS 

1 SlREs PERIOD(s) IN slhfLiinoN 
MOW% TME IJNm IS DAYS 

om UNITS 
ELEMBM’OP~ 12 5 4 I, 6 7 8 91011l213141516171819202122t52-4 

VOUNm100000002.0300040000000000000 
OBASl - BASIC MODEL PACUGE VFXSION L MI87 INPW READ PROM UNlT 1 
ARRAYS RHS AND BUFP WU SHAM MEMORY. 
SMRT HEAD WIU NUT BE SAyeD - DRAWEOWN CANNOT BE CALCIJUTED 

Z347SeLeMEMslNXARIUYAR.BUSBDBYBAs 
MELeMEMSOPXARRAYuSmoLrroF 60000 

OBCPl - BLOCK- FUJW PACKAGE WRSIGN 1 Wl/lt7 INPUT READ FROM lJ?W 10 
GEADY-STAll? SlMJlNlON 

LAYER AOUIFERTYPE 

1 1 

2 0 
2724ELEMENISMXARRAYARBUSBDBYBCP 

24n9laAMamGoFxARIuYuseDouroP am6 
ORCHl - RBQIARGE PACKAGE VBRSION L 91L@-7 MPVT REM FROM UNW 20 
OPllON 1 -RZHARGETUTOPlAYER 

I376 ElEMEMS OF X ARRAY USED FOR tIECHARGE 
n66seLeMEHIsoPxARRAYuseoouroP 6cam 

OsiPl - SIRONGLY IMPUCrr PROCEDURE SOLUIlON PACKAGE VERSION L %‘I,%7 INPVT RfLU3 FROM UNTT 30 
MAXlMUM OF SO IlWtAnONS ALLOWED FOR ~IJIZB 

5 t773wllON PARAhieTeRs 
t12l3 EIJWEMS IN x ARRAY ARE USED BY SIP 
3.9816 eLEHFiNl5 OF X ARRAY USED Om OF m 

10DmmStm@Ara-NafutNml~NafdtV~ 
0 

BGUNDARY ARRAY FOR (AYER 1 WIU BE REAO ON UNlT 1 USING FORMAT: (3213) 

i 2 3 4 5 4 7 a9tott~ui4u14i7tat9mztnn~n~nmmm 

31 22 

0 1 -1-1-l .I 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 l-l 
-1 .l 

0 2 -1-l -1 -I 1 1 0 1 1 1 1 I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 l .I 

-1 -I 
03 -1-l-l-l 110 11 11 11 11 11 11 11 11 11 11 1 l-l 

-1 -1 
0 4 -1-l .1-l 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 l-l 

-1 -1 
OS .1-l-l-l 110 111 I1 111111111111111111 

-1 -1 
04.I-I-I-1110111111111111t1111111111 

-1 -1 
0 7 .1-l .I -1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 1 1 .I .I .1-l 1. 

.l -1 
0 4 -1 -1-l 1 1 0 1 1 1 1 I 1 1 1 1 1 1 1 1 1 1 1 1 1 l-l -1 .1-l -1 

.I -1 
0 9 -1 .1-l 1 1 0 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 1 1 1 1-l -1 .1-l -1 

-1 -1 
010 -1-l-l 110 11 11 11 I 11 11 11 I1 11 1 l-l-l-i-l-l 

-1 .I 
011 -1-l-1 11 0 11 11 11 11 11 11 11 11 11 11-1-1-l-l 

-1 -1 
00. -1-l-l 110 11 I1 11 11 11 11 11 11 11 11 l-1-1-1 

-1 -1 
00.1-1-1110 I1 11111111111111111111 l-1 

.I -1 
014.1.1-i 110 111111111111111111111111 

1 1 
ols.1.11101111111111111111111111111 

1 1 
016.1.11101111111111111111~111111111 

I 1 
on-1-11101111111111111111111111111 

1 1 
01-1-11101111111111111111111111111 

1 1 
01.1110t1111111111111111111111111 

1 1 
oao.llrotlt11llltllltlllllll1Illll 

1 1 
021.l11011111111111111111111111111 



1 I 
072.l11011111111111111111111111111 

1 1 
023-111011111111111111111111111111 

1 1 
024-111011111111111111111111111111 

1 1 
025-1110111111111111111111I1111111 

1 1 
026.111011111111111111111111111111 

1 1 
027-111011111111111111111111111111 

I 1 
028.l11011111111111111111111111111 

1 1 
029-110111111111111111111111111111 

1 1 
030.l10111111111111111111111111111 

1 1 
031.l10111111111111111111111111111 

1 1 
032-110111111111111111111111111111 

1 1 
033-110111111111111111111111111111 

1 1 
034-I01111111111111I11111111111111 

1 1 
03s -10 1111111111111111111111111111 

1 1 
036.l01111111111111111111111111111 

1 1 
037.101111111111111111111111111111 

1 1 
038.l01111111111111111111111111111 

1 1 
0)9.l01111111111111111111111111111 

1 1 
040.l01111111111111111111111111111 

1 1 
04I.l01111111111111111111111111111 

1 1 
04.2-101111111111111111111111111111 

1 1 
043.l01111111111111111111111111111 

1 1 
0 

BOUNDARY ARRAY FOR LAYER 2 WlU. BE RJ3D ON UNT’I- 1 USING FORMAT: (32l3) 

1 2 3 4 5 6 7 8 9 10 11 I2 l3 14 IS 16 17 18 19 20 21 22 23 24 ?5 26 2l28 29 W 
31 32 

0 I -1.1-1 .1-l 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 -1 

-1 -1 
0 2 .1-l -1-l -1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 -1 

-1 -1 
0 3 -1-l -1 .I -1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 l-l 

-1 -1 
0 4 -1-l -1-l -1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 1 1 1 1 -1 

-1 -1 
0 s .1-l .1-l -1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

-1 -1 
06.1-1.1-1-l 11 11 11 11 11 11 11 11 11 11 1 11 11 

.l -1 
0 7 .1-l .1-l -1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 -1 -I -1-L 1 

-1 -1 
0 0 -1-l -1 .I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 .1-l -1.1-l 

-1 -1 
0 9 -1-l -1-l 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 l-l -1 -1-l -1 

-1 -1 
010-1-1-1.1 11 11 11 11 11 11 11 11 11 11 1-1.1-l-l-l 

-1 -1 
011 .1-l-l-l 11 11 11 11 11 11 11 11 11 11 11-1.1-1-1 

.l -1 
012 .l .l .l .l 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 I 1-t .I .I 

.l -1 
013.1.1.1-l 11 11 11 11 11 11 11 11 1 I1 11 11 11-I 

-1 -1 
014 -1-1.1-l 11111111111111111111 111111 



Appendix J 

Soil and Groundwater Exposure Concentration Summary 



Definition of Terms for Tables J-l and J-2 

PARAMETER = 

BEST EST OF MEAN = 

UPPER 95% CONF LIMIT = 

DATASET CHOSEN = 

N = 

CV ACTUAL = 

PROB < W ACTUAL = 

PROB < W LN 

MAX HIT 

EXPOSURE CONC 

DEL ND* 

= 

= 

Analytical parameter name 

Best estimate of the arithmetic mean using normal or lognormal 
distribution theory 

Upper 95 percent confidence limit @JCL,) determined for either 
the lognormally or normally distributed data set 

Data set [lognormal or actual (normal)] chosen to calculate the 
UCL, 

Number of records 

Coefficient of variation (standard deviation divided by the best 
estimate of the mean) 

Shapiro-Wilk W statistic (with Royston modification) for 
determining if the data are normally distributed. Values closer to 
unity indicate that the data are normally distributed. 

Shapiro-Wilk W-statistic (with Royston modification) for 
determining if the data are lognormally distributed. Values closer 
to unity indicate that the data are lognormally distributed. 

Maximum detected concentration 

The exposure concentration is either the UCL, or the maximum 
detected concentration. If the UCL, exceeds the maximum detected 
concentration, then the maximum detected concentration is used as 
the exposure concentration. Otherwise, the UCL, is used as the 
exposure concentration. 

A ” 1” in this column is represented by “Delete ND > Max Hit”. 
This means that when the UCL, exceeds the maximum positively 
quantified value in the data set, all nondetects have been deleted 
where the detection limit is greater than the maximum hit. A “2” in 
this column is represented by “Delete ND > Min ND”. This 
means that all elevated nondetects are deleted (where elevation is 
defined as when the detection limit is greater than the minimum 
detection limit). 



Table J-7. SOIL EXPOSURE CONCENTRATIONS 
(COMBINED RESULTS OF RUNS 1 AND 2 HG/KGJ 

iO:29 Thursaay, October 5, 1995 

z==IIIz=== 

PARAMETER 
3====2=== 

1lllCE 
11DCE 
124TCB 
12DCE 
14DCLB 
24DMPN 
24DNT 
ACET 
ACLDAN 
AG 

~~DRN 
ANAPNE 
AS 
BZEHP 
BA 
BAANTR 
BAPYR 
BBFANT 
BEWC 
BBZP 
BGHIPY 
BKFANT 
C&H6 
CA 
CD-S* 
CH2CL2 
CHRY 
CR 
CU 
DEHC 
DNBP 
ESFSO4 
FANT 
FE 
CCLDAN 
HG 
ICDPYR 
K 
LIN 
MEC6HS 
MC 
MN-S' 
NA 
HI 
NNDUPA 
PB 
PHANTR 
PHENOL 
PPDDD 
PPDDE 
PPDDT 
PYR 
SB 
TCLEE 
TL 
V 
XYLEN 
ZN 

==IPII==:: 

====PII=O ========5== ====ES= 

BEST EST 'JPPER 95% DATASET 
OF MEAN CSNF LIHIT CHOSEN 

I======== :I========= ::===== 

l-ODE-03 
2.81E-03 
2.58E-01 
4.99E-03 
2.58E-01 
5.14E-01 
2.42E-01 
4.58E-02 
4.92E-03 
9.53E-02 
4.686+03 
1.4DE-03 
2.58E-01 
l.ZSE+Ol 
7.35E-02 
4.45E+ol 
l.llE-01 
8.SOE-02 
1.30E-01 
2.82E-03 
1.82E-01 
7.80E-02 
6.10E-02 
2.DOE-03 
9.53E+04 
l.D7E+OO 
l.DPE-02 
l.l3E-01 
1.32E+Ol 

%+003” - 

2:58E-01 

:-~~-oo: - 
1: 68E+04 
6.14E-03 
7.7!5E-02 
8.30E-02 
2.02E+03 
l.lOE-03 
3.34E-03 
3.78E+03 

:-:;rXf 
6: 18E+OO 
9.25E-01 
2.39E+Ol 
l.blE-01 
l.O3E+OO 
l.llE-02 
1.79E-03 
l.OPE-03 
Z.ZbE-01 
1.48E+OO 
6.05E-03 

!zE~ 
Z:DOE-03 
3.22E+Dl 

3.14E-oj 
5.43E-01 
6.58E-03 
5.43E-01 
i.O6E+OO 
4.9bE-01 
8.11E-02 
?.53E-03 
3.12E-01 
5.47E+03 

5.43E-oi 
l.S9E+Ol 
2.41E-01 
5.4OE+Ol 
1.33E-07 

5.7lE-0; 
2.12E-01 

5.43E-oi 

1.72E+04 
l.l6E-02 
l.lOE-01 

2.94E+Oi 

3.79E-Oj 
4.70E+03 
3.31E+02 

8.6DE+OI) 
2.41E+OO 
3.41E+Ol 
2.30E-01 
2.50E+OO 
5.92E-02 
2.46E-03 
1.26E-03 
4.04E-01 
2.4OE+OO 
7.97E-03 
l.ZSE*Ol 
4.79E+Ol 

CASEZACT 
CASEZACT 
CASE3ACT 
CASE3LN 
CASE3ACT 
CASE3LN 
CASE3ACT 
CASE3LN 
CASEZACT 
CASE3LN 
CASEZACT 
CASE2ACT 
CASE3ACT 
CASEZACT 
CASEZACT 
CASEZACT 
CASE2ACT 
CASEZACT 
CASEZACT 
CASEZACT 
CASEZACT 
CASEZACT 
CASEZACT 
CASEZACT 
CASEtACT 
CASEZACT 
CASE2ACT 
CASE2ACT 
CASEZACT 
CASEZACT 
CASEZACT 
CASEJACT 
CASE3ACT 
CASEZACT 
CASEZACT 
CASE2ACT 
CASEZACT 
CASEZACT 
CASElLN 
CASEZACT 
CASE3LN 
CASEZACT 
CASE2ACT 
CASEZACT 
CASEZACT 
CASE3ACT 
CASEZACT 
CASEZACT 
CASE3LN 
CASE3LN 
CASEZACT 
CASEZACT 
CASE3LN 
CASEZACT 
CASE3LN 
CASE2ACT 
CASE2ACT 
CASEU\CT 
CASE2ACT 

===D=IsIE 

4.23E+oi 

=:==o====o= ==s==Ps 

==== 

4 
==== 

57 
: 2 
57 
:2 
'2 
: 2 
57 

: 
5 
I 
2 
7 
2 

: 
1 

i: 
il 

5 
:2 
22 
:3 
17 
17 

1 
12 
12 
14 

: 
12 

1 

6i 
S 
5 

17 
12 
17 
;4 
1 7 
:6 
16 
12 
14 

S 
62 
12 

5 
1 

17 

q =zt= 

====tl=l= 
cv 

ACTUAL 
-- _______ -_---_--- 

5.3lE-oi 
2.12E+OO 
6.68E+oo 
2.12E+OO 
1.96E+OO 
2.03E+OO 
2.19E+OO 
9.83E-01 
2.13E+OO 
1.78E-01 

2.12E+00 
6.37E-01 
5.10E-01 
2.2bE-01 
4.06E-01 

6.09E-oi 
4.37E-01 

3.78E-Oi 
3.98E-01 
l.o8E+oo 
3.91E-01 
3.24E-01 
1 .DlE+OO 

2.12E+00 
2.17E+oo 
l.QbE+OO 
2.62E-02 
9.40E-01 
8.03E-01 

2.98E-Oi 

3.49E+O0 
2.58E-01 
l.b3E-01 

9.22E-oi 
3.09E+DO 
l.OOE+OO 
9.19E-01 
1.27E+OO 
2.44E+OO 
8.50E-01 
2.91E-01 
1.68E+oo 
6.53E-01 
2.79E+OO 
8.62E-01 
2.4SE-01 

7.46E-oi 

========I 

====t==== ===*1111= ===sais=== 

PROW&d PROWU MAAX 
ACTUAL LN HIT 

:===z==== ========z ====z==== 

O.OOE+Oi 
l.OOE-04 
O.OOE+OO 
l.OOE-04 
l.OOE-04 
l.OOE-04 
O.OOE+OO 
Z.bx-01 
l.OOE-04 
4.40E-01 

O.OOE+Oi 
l.OOE-04 
O.DOE+OO 
l.OOE-04 
l.ODE-04 
l.DOE-04 
l.OOE-04 
2.99E-01 
l-ODE-04 
4.69E-01 

l.OOE-04 
3.03E-01 
O.OOE+OO 
2.46E-01 
l.OOE-04 

. 

2.23E-oi 
l.OOE-04 

l.OOE-04 
l.OOE-04 
O.OOE+OO 
3.15E-01 
l.ODE-04 

l.l6E-Di 
l.OOE-04 

2.24E-oi 
2.55E-01 
l.OOE-04 
l.OOE-04 
3.94E-01 
4.90E-03 

3.36E-Oi 
1.89E-01 
l.OOE-04 
l.OOE-04 
3.08E-01 
4.blE-01 

1 .OOE-Oi 
l.OOE-04 
l.OOE-04 
6.71E-01 
3.69E-09 
7.DDE-03 

l.ODE-Oi 
l.OOE-04 
l-ODE-04 
6.92E-01 
1.83E-01 
4.7x-01 

9.67E-Oi 9.13E-oi 

O.OOE+Oi 
6.80E-03 
2.28E-01 

o.ooE+oa 
1.56E-02 
3.35E-01 

3.10E-03 
l.OOE-04 
l.OOE-04 
l.OOE-04 
l.OOE-04 
l.ODE-04 
1 .ODE-04 
l.ODE-04 
l.OOE-04 

;-;;z 
2:7i!E-02 
5.48E-01 

4.39E-Di 
l.DOE-04 
7.67E-01 
l.OOE-04 
l.OOE-04 
:.OOE-04 
l.OOE-04 
l.ODE-04 
l.OOE-DG 
l.lPE-02 
O.DOE+OO 
l.OOE-01 
7.34E-01 

8.DOE-Dj 7.22E-Oi 

l.OOE-03 
S.OOE-03 
2.00E+OO 
l.!TOE+DO 
t.OOE+OO 
4.80E+OO 
1.80E+OD 
6.50E-01 
1.20E-02 
1. DOE+00 
5.55E+03 
1.40E-03 
Z.ODE+OO 
3.2DE+Ol 
l.OOE-01 
5.66E+Ol 
2.60E-01 
8.5DE-02 
1.30E-01 
4.00E-03 
5.3DE-01 
7.80E-02 
b.lDE-02 
2.0DE-03 
1.36E+os 
2.DOE+OO 
3.90E-02 
2.60E-01 
2.00E+Ol 
2.43E+Ol 
l.lOE-03 
2.00E+DO 
2.IOE-02 
7.00E-01 
1.74E+OG 
l.COE-02 
Z.COE-01 
8.3DE-02 
2.80E+03 
l.lOE-03 
l.GOE-01 
5.5DE+03 
3.62E+02 
l.l4E+03 
2.2OE+Ol 
l.OOE*Dl 
l.OSE+OZ 
6.00E-01 
3.40E-00 
l.bOE-01 
5.70E-03 
2.lDE-03 
1.8DE+OO 
yal';;; 

2:20E*Ol 
5.32E+Ol 

::;g:; 

=I=s1LPII ===zs==== 

==IPIIIII 

EXPOSURE 
CONC 

=====s=rs 
. 

l-DDE-03 
3.14E-03 
5.43E-01 
6.58E-03 
5.43E-01 
l.o6E+oo 
4.96E-01 
8.11E-02 
9.53E-03 
3.12E-01 
5.47E+03 
1.4OE-03 
5.43E-01 
l.SPE+Ol 
l.OOE-01 
S.40EtO'l 
1.33E-01 
8.50E-02 
1.3DE-01 
4.00E-03 
il.lZE-01 
?.8DE-02 
6.10E-02 
2.DOE-03 
1.3DE+OS 
1.29E+OO 
l.SZE-02 
1.3SE-01 
1.50E+Ol 
l.DlE*Ol 
l.lOE-03 
5.43E-01 
5.66E-03 
2.29E-01 
1.72E+O4 
1 .lbE-02 
l.lDE-OI 
8.3OE-02 
2.8DE+03 
l.lOE-03 
3.7'9E-03 
4.70E+D3 

: -:tz; 
8:60E+oo 
2.41E+OD 
3.41E+Ol 
2.30E-01 
2.50E+OO 
5.92E-02 
2.46E-03 
l.t6E-03 
4.04E-01 
Z.COE+OO 
7.97E-03 
1 .ZSE+Ol 
4.79E+Ol 
f mD0;; 

=f=PIILII 

=lZZSIll 

DEL ND* 
r==-r 

1 

1 

1 

1 

1 
1 

1 
1 

1 

1 

1 

: 
1 

1 

1 

1 

IZSPI 

==II*ls:t= 

PARAMETER 
==IPII=l= 

1llTCE 
1lDCE 
124TCB 
12DCE 
14DCL8 
24OMPN 
24DNT 
ACE1 
ACLDAN 
AG 
AL 
ALDRN 
ANAPNE 
AS 
BZEHP 

EAPYR 
BBFANT 
88HC 
BEZP 
BGHIPY 
BKFANT 
C6H6 
CA 
CD-s* 
CHZCLZ 
CHRY 
CR 
CU 
DBHC 
DNEP 
ESFSOG 
FANT 

%~AN 
HG 
ICDPYR 
K 
LlN 
MEC6HS 
MG 
MN-S 
NA 
NI 
NNDRPA 
PE 
PHANiR 
PHENOL 
PPDOD 
PPDDE 
PPDOT 
PYR 

%EE 
TL 
V 
XYLEN 
ZN 

* 1 = DELETE NO > MAX HIT 
2 = DELETE ND > MIN ND 

Source: ESE. 



M=-. Table J-2. GRDUNDUATER EXPOSURE CONCENTRATIONS 
(COHBINED RESULTS OF RUNS 1 AND 2 MG/L) 

==E====== =======El --------___ _----__-___ 

BEST EST UPPER 95% 
OF MEAN CONF LIMIT 

======= 
DATASET 

CHOSEN 
------- ---w-e- 

==z= 

PARAMETER 
==II====E 

1llTCE 
1lDCE 
1lDCLE 
12DCE 
ACET 
AG 
AS 
BZEHP 
BA 
BE 
BRDCLM 
C2H3CL 
CA 
CCL4 

%x2 
CHCL3 
CR 
CU 
FE 
HG 
K 
MC 
MN-A” 
NA 

:A 
SB 
SE 
TCLEE 
TL 

Y-. TRCLE 
ZN 

=======E= ===I===== 

l 1= DELETE ND > MAX HIT 
2 = DELETE ND B I4IN ND 

====siE=f= 

1.46E+OO 
y~‘cl; 

* 

1:51E-01 
3.98E-01 
5.25E-03 
9.10E-03 
l.O7E-02 

f-E% - 
1:34E-01 
1.78E-01 

3%+x: - 

3:33E-03 
8.67E-03 
9.22E-02 
2.95E-02 
l.l!x-02 
3.34E+OO 
1.5%-04 
1.25E+02 

4.44E-02 
;.;a;-;; 

- 

1 k-03 
l.l8E-01 
6.85E-02 

l.P4E+02 CASE3LN 
1.30E-01 CASE2ACT 
3.76E-01 CASE3LN 
6.64E-01 CASE3LN 
6.45E-01 CASE2AC.T 
6.79E-03 CASEZACT 
2.83E-02 CASE3LN 
5.50E-02 CASE3LN 
l.l2E-01 CASEZACT 
3.60E-03 CASEZACT 
1.44E+oo CASE3LN 
2.88E-01 CASEZACT 
3.19E+02 CASEtACT 
1.43E-01 CASEZACT 
4.76E-03 CASEZACT 
1.46E-02 CASEZACT 
l.G6E-01 CASEZACT 
l.O3E-01 CASE3LN 
2.79E-02 CASE3LN 
l.O4E+03 CASE3LN 
2.03E-04 CASEZACT 
1.62E+O2 CASEZACT 
5.58E+02 CASEZACT 
1.38E+OD CASEMCT 
4.8615+03 CASEZACT 
3.60E-02 CASE2ACT 
5.14E-02 CASE3LN 
4.95E-02 CASEZACT 
2.82E-02 CASE3LN 
3.05E-02 CASE3LN 
2.74E-03 CASE2ACT 
4.45E-01 CASEJLN 
3.45E-01 CASE3LN 

------- _-_---_ 

N 
===z 

12 
12 

:: 
12 

:i 
8 
7 

10 
12 
12 

1; 
19 

3 
12 
11 
i0 

7 
11 

9 

; 
9 

:i 

1: 
36 

3: 
16 

===z 

========= 5======== 

cv PROBW 
ACTUAL ACTUAL 

====r==== 5======== 

l.ZPE+OO 
l.o9E+oo 
1.93E+OO 
1.43Iz+oo 
1 .ZOE+OO 
5.36E-01 
2.45E+OO 
1.62E+OO 
5.01E-01 
4.63E-01 
1.22E+OO 
1 .ZOE+OO 
7.28E-01 
l.l8E+oo 
l.o8E+oo 
4.OSE-01 
1.13E+OO 
1.78E+OO 
1.32E+OO 
1.67E+OO 
5.69E-01 
4.70E-01 
6.68E-01 
9.86E-01 
5.84E-01 
1 .osE+oo 

E~+~: s 

;:;g;:;; 

1: 02E+OO 
2.53E+OO 
l.PPE+OO 

8.00E-03 
1 .OlE-02 
1 .OOE-04 
1 .OOE-04 
8.40E-03 
2.02E-02 
1 .OOE-04 
1 .OOE-04 
S.OOE-04 
3.40E-02 
1.40E-03 
1.60E-03 
9.91E-02 
2.30E-03 
1 .OOE-04 
8.43E-01 
4.00E-03 
l .OOE-04 
1 .OOE-04 
1.90E-03 
6.10E-03 
8.20E-02 
l.l9E-01 
1.90E-03 
1.81E-01 
1 .OOE-04 
1 .OOE-04 
S.OlE-02 
1 .OOE-04 
1 .OOE-04 
1.60E-02 
1 .OOE-04 
1 .OOE-04 

========= ======z== 

------e-e 
--------- 

PRO64 
LN 

===s===== 

yf;-$ 

1 :ooE-o3 
1.60E-03 
1.59E-02 
2.00E-01 
1.23E-02 
6.02E-01 
4.90E-03 
2.46E-02 
l.O6E-02 
;.;g-g 

* 

6:50E-03 
7.00E-04 
6.27E-01 
2.44E-02 
1 .SOE-01 
4.10E-03 
8.37E-01 
1.20E-03 
5.39E-01 
4.18E-01 
l.O8E-01 
2.49E-01 
3.10E-03 
1.75E-02 
2.26E-02 
1 .lOE-03 
1 .OOE-04 
4. WE-02 
1 .OlE-01 
5. ME-02 

====I==== 

15:OO Thursday, IOctober 5, 1995 

========z 
nAx 
HIT 

=====rE== 

1 .lOE+OO 
1 .bOE-01 
5.40E-01 
5 .OOE-01 
1.30E+OO 
l.ZOE-02 
1 .tOE-01 
S .40E-02 
1.73E-01 
5 .OOE-03 
l.ZOE-01 
3.40E-02 
5.05E+02 
1.20E-01 
1.50E-02 
9.00E-03 
6.00E-02 
2.06E-01 
5.50E-02 
7.79E+OO 
3.00E-04 
2.37E+02 
7.96E+02 
2.73E+OO 
6.66E+03 
8.70E-02 
1 .OZE-01 
S.ZOE-02 
9.00E-02 
1.55E-01 
5.50E-03 
1.37E+oo 
4.16E-01 

=====a=== 

====SEl== ===:=3 ==ggyzczs=z 

EXPOSURE 
cow DEL ND’ PARAMETER 

===5====E 
. 

1 .lOE+OO 
1.30E-01 
3.76E-01 
5 .OOE-01 
6.45E-01 
6.79E-03 
2.83E-02 
5.40E-02 
l.l2E-01 
3.60E-03 
1.20E-01 
3.40E-02 
:. ;;p;; 

4:76E-03 
9.00E-03 
6.00E-02 
l.O3E-01 
2.79E-02 
7.79E+oo 
2.03E-04 
1.62E+02 
S .58E+02 
1.38E+OO 
4.86E+03 
3.60E-02 
S.l4E-02 
4.9SE-02 
2.82E-02 
3.05E-02 
2.74E-03 
4.45E-01 
3.45E-01 

====l=t== 

1 K’ 
1lDCLE 
12DCE 
ACE1 

t: 
BZEHP 

ii: 
BRDCLH 
C2H3CL 
CA 
CCL4 
CD-A* 
CHZCL2 
CHCL3 
CR 
cu 
FE 
HG 
K 

ii-A* 
NA 

if; 

I! 
TCLEE 

k‘E 
ZN 

source: ESE. 



Table J-3. P Drun Data Used in the Risk Assessment (Page 1 of 20) 11:55:12 May 13, 1996 

Groundwater Acetone ESE, Ott 1990 (Table G-7) 

Antimony 

Arsenic 

Bariun 

Beryllim 

ESE, Jan 1991 (Table G-10) 

ESE, Ott 1992 (Table G-II) 

Baker, May 1995 

ESE, Jan 1991 (Table G-10) 

ESE, Ott 1992 (Table G-11) 

Baker, May 1995 

ESE, Jan 1991 (Table G-10) 

ESE, Jan 1991 (Table G-10) 

ESE, Ott 1992 (Table G-11) 

Bis(Z-ethylhexyl) phthalate Baker, May 1995 

Bromodichtoromethane ESE, Ott 1990 (Table G-7) 

Dbl.1 
GU-1-l 
GU-I-2 
w-1-1 
SU-l-IF0 
su-1-2 
su-2-1 
su-2-2 
su-4-I 
SW-4-2 
N-6-1 
W-6-2 

.OlOOOO MG/L 

.I10000 MG/L 

.007000 MG/L 
1.300000 MG/L 

.150000 MG/L 

.830000 MG/L 

.960000 MG/L 

.920000 MC/L 

.007000 MC/L 

.009000 MG/L 

.OlOOOO HG/L 

.460000 MG/L 

GU-l-2 
GU-3-2 
GU-4-2 
SW-l-2 
W-3-2 
SU-4-2 

.033000 HG/L 

.027000 MG/L 

.041000 MG/L 

.052000 MG/L 

.052000 MG/L 

.052000 MG/L 

DU-1 -051200 HG/L 
DU-2 -047700 MC/L 
su-2 .047800 MG/L 
su-5 .D40400 MG/L 

DU-3 
DU-4 
DW-5 
DU-6 
DU-7 
DU-8 
SW-10 
SW-9 

< 

< 
< 

< 
< 
< 

.002100 MC/L 

.008500 MC/L 

.001400 MC/L 

.001400 MG;L 

.001400 MC/L 

.001400 MC/L 

.001400 MG/L 

.001400 MC/L 

.001400 MG/L 

GU-1-2 
GU-3-2 
GU-4-2 
SW-l-2 
SU-3-2 
su-4 
w-4-2 

.020300 MG/L 
-014700 HG/L 
.007500 MC/L 
.007800 MG/L 
.0038OD MG/L 
.120000 MG/L 
-014800 MG/L 

DU-1 
DU-2 
w-2 
SW-5 

.OOlSOO MC/L 

.OOlSOO HG/L 

.010900 MG/L 

.OOlSOO MC/L 

DU-4 
DU-5 
DU-8 
su-10 
su-9 

SW-4 

GU-1-2 
GU-3-2 
GU-4-2 
SW-l-2 
SW-3-2 
SU-4-2 

.072000 MC/L 

.079000 MG/L 

.058800 MG/L 

.070000 MC/L 
-058900 HG/L 
.060700 MG/L 

.173000 MG/L 

.005000 MG/L 

.OD4000 HG/L 

.OtXOOO HG/L 

.003000 MG/L 

.002000 MG/L 

.OC%OOO MG/L 

DU-1 
DU-2 
SW-2 
su-5 

.001600 MGIL 

.001600 MG/L 

.001600 MG/L 

.001600 MC/L 

DU-3 
Dbl.5 
DW-6 
DU-7 
DU-8 
SW-10 
SU-9 

.008000 MG/L 

.OtXOOO MC/L 

.008000 MG/L 

.007000 MG/L 

.OOlOOO HG/L 

.002000 MC/L 

.003000 MG/L 

.054000 MG/L 

DW-1 
Gu-l-l 
GU-1-2 

< 
< 

.004000 MG/L 

.012000 MC/L 

.005000 UG/L 



Tabie J-3. Q Drum Data Used in the Risk Assessment (Page 2 of 20) 11:55:12 May 13, 1996 

Medium Chemname Source Saapid 

~~- 
Cone Units 

Grounduater BromodichIoromethane ’ ESE, Dct 1990 (Table G-7) 

Cadmiun (aqueous matrix) Baker, May 1995 

ESE, Jan 1991 (Table G-IO) 

ESE, Ott 1992 (Table G-11) 

Calcium Baker, May 1995 

Carbon tetrachloride ESE, Ott 1990 (Table G-7) 

Chloroform ESE, Ott 1990 <Table G-7) 

Chrcmiun, total ESE, Jan 1991 (Table G-IO) 

ESE, Dct 1992 (Table G-11) 

w-1-1 
SW-l-IF0 
SW-l-2 
SU-2-l 
su-2-2 
su-4-1 
SW-4-2 
SU-6-l 
N-6-2 

DU-3 
DU-4 
DU-5 
DU-6 
DU-7 
DU-8 
su-9 

GU-l-2 
GU-3-2 
GU-4-2 
SW-l-2 
SU-3-2 
su-4 
SW-4-2 

DU- 1 
DU-2 
su-2 
su-5 

DU-3 
DU-4 
On-5 
DU-6 
DU-7 
DU-8 
w-10 
SW-9 

DU-1 
GU-l-l 
GU-l-2 
SU-l-1 
SW-l-IF0 
SW-l-2 
w-2-1 
w-2-2 
w-4- 1 
Su-4-2 
N-6-1 
'W-6-2 

DU-1 
GU-l-l 
GU-l-2 
SU-l-1 
SU-l-IF0 
SU-l-2 
SU-2-l 
SU-2-2 
SU-4-l 
W-4-2 
W-6-l 
W-6-2 

GU-l-2 
GW-3-2 
GU-4-2 

z:-i: m s 
SU-4 
W-4-2 

DU-1 
DU-2 
SU-2 
su-5 

< 

< 
< 
< 
< 
< 
< 

< 
< 

< 
< 
< 
< 

< 
< 
< 

< 
< 
< 
< 
< 
< 

< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 

.120000 MG/L 

.025000 MC/L 

.12OOQO MG/L 

.25ODOO MC/L 

.25DDDO MG/L 

.003900 

.003900 

.00?300 

.0058OO 

. DO3900 

.003900 

. DO3900 

.003900 

.DD3000 

.008000 

.003000 

.003000 

.003000 

.015DGO 

.0001Q0 

.000100 

.000100 

.0001Q0 

183.OOOOOO 
505.000000 
372.000000 
388.000000 

73.500000 
54.900000 

140.000000 
130.000000 
132.000000 

.005000 

.012000 

.005000 

.120000 

.072000 

.084000 

.250000 

.25OOOO 

.005000 
* 005OOQ 
. 005000 
.250000 

_.-____ 
.012000 
.00S000 
.120000 
.025000 
.120000 
.2SOOOO 
.250000 
.005000 
.0050011 
.005000 
.250000 

.018000 

:EXi 
.015000 
.009000 
.004000 
.206000 

.0053OO 

.005300 

:XiE. 

MG;L 
MG/L 
MC/L 
MG/L 

MG/L 
MC/L 
MG/L 
MG/L 
MC/L 
UG/L 
MG/L 

MC/L 
RG/L 
MG/L 
MC/L 

MGiL 
MG/L 

MG/L 
MC/L 
MG/L 
MG/L 

MGiL 
MG/L 
MG/L 

HGiL 
HG/L 
MG/L 
MG/L 

MC/L 
UG/L 
MG/L 
MG/L 
MG/L 
MGiL 
NGii 
MC/L 
UC/L 
t4G;L 
GIG/L 
UG/L 

UG/L 
#G/L 
MC/L 
MC/L 
MG/L 
WC/L ' 
MG/L 
HG/L 
WC/L 
HG/L 
MGii 
MG/L 

UC/L 
ldG/L 
UG/L 
UG/L 
MG/L 
MG/L 
WC/L 

WC/L 
MG/L 
MGIL 
UG/L 



Table J-3. P Drum Data Used in the Risk Assessment (Page 3 of 201 11:55:12 May 13, 1996 

Madiun Chemname Source Sampid Cone Units 

Dichloroethane, l,l- 

Groundwater Copper ESE, Jan 1991 (Table G-10) 

ESE, Ott 1992 (Table G-11) 

Baker, May 1995 

ESE, Jan 1993 (Table G-8) 

ESE, Ott 1990 (Tabte G-7) 

Dichloroethene, l,l- ESE, Ott 1990 (Table G-7) 

Dichloroethenes, 1,2-, total Baker, May 1995 

ESE, Ott 1990 (Table G-7) 

Iron Baker, Hay 1995 

GU-l-2 
GU-3-2 
GU-4-2 
SU-l-2 
SW-3-2 
W-4-2 

DU-1 
DU-2 
su-2 
SW5 

DW-3 
DU-4 
DU-5 
DU-6 
DU-7 
DU-8 
SW10 
SW-9 

FD-1 
FD-2 
SW-lo-D 
SW-lo-s 
SW-9-D 
SW-9-s 

DU-1 
G&l-l 
GU-1-2 
SW-l-1 
SU-1-IFD 
su-l-2 
SU-L- 1 
su-2-2 
su-4- 1 
SU-4-2 
SU-6-l 
W-6-2 

DU-1 
GU-l-l 
GU-l-2 
SW-l-1 
SU-l-IF0 
SWl-2 
su-2-l 
su-2-2 
SW-4-l 
SW-4-2 
SU-6-l 
W-6-2 

DU-3 
DU-4 
DU-5 
DU-6 
DU-7 
DU-8 
SW-10 
SU-9 

DU-1 
GU-l-l 

r:-: - - 
SU-l-IF0 
SWl-2 
SU-2-l 
SW-2-2 
SW-4- 1 
Sv-4-2 
sf-6-l 
W-6-2 

DU-3 
DU-4 
DU-6 

< 
< 
< 
< 
< 
< 
< 
< 

< 

< 
< 

< 

< 

< 
< 
< 
< 

< 

< 

< 
< 
< 
< 

< 

< 

< 

< 
< 

< 

.OllOOO HG/L 

.009000 MG/L 

.&?3000 MC/L 

.004000 MG/L 

.004000 MG/L 

.055000 MG/L 

.004200 MC/L 

.004200 MG/L 

.004200 HG/L 

.004200 MG/L 

.009000 MC/L 

.OlOOOO MC/L 

.OlOOOO MC/L 

.OlOOOO MG/L 

.OlOOOO MC/L 

.OlOOOO MC/L 

.OlOOOO MG/L 

.OlOOOO MC/L 

.OlOOOO MG/L 

.OOlOOO MG/L 

.OOlOOO HG/L 

.002800 HG/L 

.0025OD HG/L 

.OOlOOO MC/L 

.OOlOOO MG/L 

.003000 MC/L 

.021000 MG/L 

.OOSOOO HG;L 

.290000 MC/L 

.240000 MC/L 

.210000 HG/L 

.520000 MG/L 

.540000 WC/L 

.013000 MC/L 

.021000 HG/L 

.016000 MC/L 

.250000 HG/L 

.OOSOOO HG/L 

.012000 HG/L 

.OOSOOO HG/L 

.120000 HG/L 

.033000 MG/L 

.097000 MG/L 

.140000 MG/L 

.250000 HG/L 

.028000 MG/L 

.041000 MG/L 

.013000 HG/L 

.250000 UG/L 

.OlOOOO MC/L 

.OlOOOO MG/L 

.OlOOOO MG/L 

.OlOOOO HG/L 

.022000 MC/L 

.llOOOO HG/L . 

.OlOOOO HG/L. 

.032000 HG/L 

.047000 HG/L 

.OOSOOO HG/L 

.SOOOOO HG/L 

.OOSOOO HG/L 
230000 HG/L 
.130000 HG/L 
.150000 HG/L 
.430000 HG/L 
.400000 HG/L 
.OOSOOO WC/L _.._.~~ 
.OOSOOO HGii 
.OSOOOO MG/L 
.120000 HG/L 

3.330000. HG/L 
7.790000 HG/L 

-031400 HG/L 
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Medium Chemame Source Saapid Cone Units 

Magnes i ua 

Groundwater iron Baker, May 1995 

Lead Baker, May 1995 

ESE, Jan 1991 (Table G-IO) 

Manganese Baker, Hay 1995 

Mercury ESE, Jan 1991 (Table G-10) 

Methylene chloride ESE, Dct 1990 (Table G-7) 

Nickel ESE, Jan 1991 (Table G-10) 

Potassiun 

ESE, Ott 1992 (Table G-11) 

Baker, May 1995 

ESE, Ott 1992 (Table G-11) 

ESE, Ott 1992 (Table G-11) 

Baker, May 1995 

DU-8 
SW-IO 
W-9 

.105000 MG/L 

.458OOG HG/L 
-234000 MC/L 
I244000 MC/L 

DU-3 
DU-4 
DU-5 
DU-6 
DU-7 
DU-8 
SW-IO 
SW9 

.004000 MG/L 

.000800 HG/L 

.004000 MG/L 

.OD4800 MG/L 

.000800 MG/L 

.0008OG MG/L 

.000800 WG/L 

.000800 MG/L 

.0008DO HG/L 

GU-l-2 .017800 HG/L 
GU-3-2 -026900 HG/L 
GU-4-2 .019300 HG/L 
su-l-2 .0045oCl HG/L 
SU-3-2 .0018OCl HG/L 
su-4 .04300(3 MG/L 
SW-4-2 .102ooCl MC/L 

DU-1 .00150cl MC/L 
DU-2 .0015OCI MG/L 
su-2 .00150cl WC/L 
SW-5 .0015OC~ MC/L 

DU-3 
DU-4 
DU-5 
DU-6 
DU-7 
DU-8 
SW-IO 
SU-9 

312.OOOOOC~ MC/L 
631.000000 MG/L 
756.ODDDOD HG/L 
796.000000 MC/L 
149.0000001 HG/L 

79.00000a HG/L 
288.0000001 MC/L 
269.OOOOO(D HG/L 
273.000000 HG/L 

DU-3 
DU-4 
DU-5 
DU-6 
DU-7 
DU-8 
su-10 
SU-9 

.338000 HG/L 
339000 HG/L 

2.730000 HG/L 
1.830000 MG/L 

.272000 WC/L 

.332000 HG/L 

.672000 MG/L 
-478000 MG/L 
I 484000 MC/L 

GU-l-2 
GU-3-2 
GU-4-2 
SU-l-2 
SW-3-2 
SU-4 
SW-4-2 

.000200 

.000200 

.000300 

.000200 

.000200 

.000200 

.000200 

WC/L 
HG/L 
HG/L 
MG/L 
HG/L 
HG/L 
HG/L 

DU-1 
DU-2 
W-2 
SW-5 

MG/L 
HG/L 
HG/L 
HG/L 

GU-l-l 
GU-l-2 
SW4- 1 

< 
< 

.000100 

.000100 

.000100 

.000100 

.012000 

.005000 

.009000 

MG/L 
WC/L 
HG/L 

GU-l-2 
GU-3-2 
GU-4-2 
SU-l-2 
SU-3-2 
SW4-2 

.010000 

.015000 

.031000 

.021000 

.011000 

.087000 

MG/L 
MC/L 
MC/L 
HG/L 
HG/L 
HG/L 

DU-1 
DW-2 
su-2 
SU-5 

.012200 

:E% 
.012200 

HG/L 
WC/L 
HG/L 
WC/L 

DU-3 10!5*000000 MG/L 
DU-4 142.000000~ HG/L 
DU-5 205.000000 WC/L 
DU-6 237.000000 HG/L 



Table J-3. Q Drum Data Used in the Risk Assessment (Page 5 of 20) 11:55:12 May 13, 1996 

Medium Chemame Source Sampid Cone Units 

Groundwater Potassim Baker, May 1995 

Selenium ESE, Jan 1991 (Table G-10) 

Silver 

Scdiun Baker, May 1995 

Tetrachloroethene Baker, May 1995 

ESE, Ott 1992 (Table G-11) 

ESE, Jan 1991 (Table G-10) 

ESE, Ott 1992 (Table G-11) 

ESE, Dee 1992 (Table S-3) 

ESE, Jan 1993 (Table G-8) 

DU-7 
DU-8 
su-10 
SW-9 

80.300000 HG/L 
62.500000 MG/L 

107.000000 MG/L 
93.200000 MG/L 
95.100000 MG/L 

GU-l-2 
GU-3-2 
GU-4-2 
SW-l-2 
SW-3-2 
su-4 
SW-4-2 

HG/L 
MG/L 

* 002000 
.090000 
.010000 

MG/L 
MG/L 
MG/L 
MC/L 
MG/L 

DU-1 .001500 HG/L 
DU-2 .001500 MC/L 
SW-2 .001500 MC/L 
SW-5 .001500 MC/L 

GU-l-2 .004000 MC/L 
GU-3-2 .004000 MG/L 
GU-4-2 .004000 MC/L 
su-1-2 .007000 HG/L 
SU-3-2 .007000 MG/L 
su-4 .012000 MC/L 
W-4-2 .007000 MC/L 

DU- 1 . DO4600 MG/L 
DU-2 .002700 MG/L 
su-2 _ 002700 MG/L 
SW-5 .002700 HG/L 

DU-3 
DU-4 
DU-5 
DU-6 
DU-7 
DU-8 
SW10 
su-9 

369O.OOOOOD MG/L 
545O.ODODOO MC/L 
6290.000000 MG/L 
6660.000000 HG/L 
2160.000000 HG/L 

793.000000 MC/L 
2330.000000 MG/L 
2350.000000 HG/L 
2360.000000 HG/L 

DU-3 
DU-4 
DU-5 
DU-6 
DU-7 
DU-8 
SU-10 
su-9 

HP-10-15 
HP-lo-150 
HP-10-25 
HP-10-35 
HP-lo-45 
HP-II-15 
HP-11-25 
HP-11-35 
HP-11-45 
HP-11-55 
HP:ll-65 
HP-11-Z 
HP-13-15 
HP-13-25 
HP-13-35 
HP-15-15 
HP-V-25 
HP-15-35 
HP-15-45 
HP-15-55 
;Fg y; 

- - 
HP- 17-35 

SW-lo-0 
SW10-s 
SW-9-D 
SW9-S 

< 
< 
< 
< 
< 

< 
< 
< 

< 
< 

< 
< 

< 
i 
< 
< 
< 

< 
< 

< 
< 
< 
< 

< 

< 

.010000 

.010000 

.010000 

.010000 

.010000 

.07!iooo 

.010000 

.010000 

.010000 

MC/L 
HG/L 
MG/L 
MG/L 
MC/L 
MC/L 
MG/L 
C(G/L 
MC/L 

.001000 

.001000 

.010600 

.001000 

.001000 

.026900 

.013500 

.010000 

.010000 

.001000 

:EXX 
.010900 
.001000 
.001000 
.155000 

MG/L 
HG/L 
HG/L 
MG/L 
HG/L 
MG/L 
MG/L 
MG/L 
HG/L 
HG/L 
kG/L 
HG/L 
HG/L 
MC/L 
HG/L 
MG/L 
MC/L 
MC/L 
MG/L 
MC/L 
MC/L 
MG/L 
MC/L 

.001200 HG/L 

.001000 HG;IL 

.003600 MG/L 

.010500 MG/L 



Table J-3. Cl Drum Data Used in the Risk Assessment (Page 6 of 20) 11:55:12 May 13, 1996 

\ Medim Chemame Source Sampid Cone Units 

Groundwater Thalliun Baker, May 1995 DU-3 
DU-4 
DU-5 
DU-6 
DU-7 
DU-8 
su-10 
SW-9 

Trichloroethane, l,l,l- ESE, Ott 1990 (Table G-7) DU-1 
GU-l-1 
GU-1-2 
su-1-l 
SU-I-IFD 
SW-l-2 
su-2- 1 

Trichloroethene Baker, May 1995 

Vinyl chloride &E, Ott 1990 (Table G-7) 

Zinc Baker, May 1995 

ESE. Dee 1992 (Table 5-3) 

SW-2-2 
SW-4-1 
SW-4-2 
W-6- 1 
SW-6-2 

DU-3 
DU-4 
DU-5 
DU-6 
DU-7 
DU-8 
su-10 
SW-9 

HP- 
HP- 
HP- - E- 
HP- 
HP- 
HP- - K- 

O-15 
O-150 
o-25 
o-35 
o-45 
l-15 
l-25 
l-35 
l-45 
l-55 
l-65 

:::: 
3-25 
3-35 
S-15 
5-25 
5-35 

Ku-45 
HP-15-55 
HP-17-15 
;;-;;-g 

. - 

ESE, Jan 1993 (Table G-8). .%I-IO-D 
SW10-s 
SW-9-D 
SW9-s 

DU- l 
GU-l-l 
GU-l-2 
SU-l-l 
SU-I-IFD 
SW-l-2 
SW2-l 
SW-2-2 
SU-4-l 
SW-4-2 
SW-6-l 
w-6-2 

DU-5 
DU-6 
DU-8 
su-9 

< 
< 
< 

< 
< 
< 
< 
< 

< 
< 

< 

< 
< 
< 
< 

< 
< 
< 

< 

< 

< 

< 

* 

< 
< 
< 
< 
< 
* 
< 
< 
< 
< 

.003500 

.006000 

.003500 

.005500 

.000700 

.000700 

.003500 

.000700 

.000700 

.003000 

.012000 

.DOSOOO 
1.100000 

.660000 

.690000 

.390000 

.270000 

.003000 

.003000 

.OOlOOD 

.250000 

.010000 

.010000 

.010000 

.010000 

.020000 

.018000 

.010000 

.010000 

.010000 

.013OOO 

.012000 

.053000 

.003300 

.001000 

SE: 
.866000 
.057700 
-032700 
.018700 

.082700 

.0035no 

.001000 

:E%i 

’ :ZE 
.002MO 
.073000 
.027oOO 
.0010u0 

.0224OO 

.004500 
:8EX: 
.0100110 
.034oao 
.010000 
.250000 
.050000 
.250000 
.500000 

:sOKZ 
.010000 

:%XI 

%%I3 
.0376Go 

:Et: . 
.026oQO 

MC/L 
MC/L 
MG/L 
HGii 
MC/L 
MC/L 
HG/L 
MC/L 
MG/L 

MG/L 
WG/L 
MG/L 
MC/L 
HG/L 
WC/L 
MG/L 
HG/L 
MG/L 
MC/L 
MG/L 
MC/L 

MG/L 
MG/L 
MG/L 
MC/L 
MG/L 
MG/L 
MG/L 
HG/L 
HG/L 

HG/L 
WC/L 
MG/L 
MG/L 
MG/L 
HG/L 
MC/L 
MC/L 
WG/L 
HG/L 
MC/L 
HG/L 
MG/L 
MC/L 
MC/L 
HG/L 
HG/L 
HG/L 
HG/L 
MC/L 
MG/L 
HG/L 
MC/L 

HG/L 
HG/L 
MC/L 
UG/L 

HG/L 
WG/L 
HG/L 
HG/L 
MC/L 
MG/L 
MG/L 
HG/L 
HG/L . 
HG/L 
MG/L 
HG/L 

HG/L 
HG/L 
HGIL 
MC/L 
HG/L 
HG/L 



Table J-3. P Drm Data Used in the Risk Assessment (Page 7 of 201 11:55:12 May 13, 1996 

Medim Chemame Source Sampid 
_. 

Cone Units 

Groundwater Zinc ESE, Jan 1991 (Table G-10) GU-1-2 .027000 MG/L 
GU-3-2 .042000 MG/L 
GU-4-2 .101000 MC/L 
su-1-2 .033000 MG/L 
W-3-2 .DllODO HG/L 
SLJ-4-2 .416000 MGfL 

ESE, Ott 1992 (Table G-11) DU-1 .OOlOOO MG/L 
DU-2 .OOlOOO .MG/L 
su-2 .004500 MG/L 
su-5 .OOlOOO MC/L 

Soil Acenaphthene Malcolm Pirnie, 1983-1986 03s-05 

03S-06 

03s-07 

03S-08 

Acetone ESE, Sep 1990 (Table G-l) EY-2-1 
EY-2-2 
EY-3-l 
EY-3-2 
EY-4-1 
EY-4-2 
EY-5-1 
EY-5-2 
EY-5-2FD 
EY-7-l 
EY-7-2 
HH-10-l 
HH-IO-2 
HM-2- 1 
w-2-2 
HM-3-l 
HM-3-2 
HM-4- 1 
HM-4-IFD 
HM-4-2 
HM-5- 1 
HM-5-2 
HM-7- 1 
HH-7-2 
HM-9- 1 
PP-11-l 
PC-11-2 
PP-12-I 
PP-12-2 
PP-14-l 
PP-14-2 
PP-14-2FD 
PP-2-l 
PC-2-2 
PP-3-l 
PP-3-1 FD 
PP-3-IRE 
PP-3-2 
PP-5-l 
PP-5-2 
PP-6-l 
PP-6-2 
;;-g;: - - 
PP-9-l 
PP-9-2 
SW-1 
su-2 
su-3 
TA-l-l 
TA-l-2 
TA-I-2FD 
TA-3-l 

< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 

< 
< 
< 
< 
< 

< 
< 
< 
< 

< 
< 
< 
< 
< 

< 
< 
< 
< 
< 
< 

< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 

< 

< 

.200000 MG/KG 

.200000 MG/KG 

.200000 MC/KG 

.200000 MC/KG 

.200000 MG/KG 

.200000 MC/KG 

.200000 MG/KG 

.200000 MC/KG 

.200000 MG/KG 

.2OOOOD MC/KG 

.200000 MG/KG 
2.000000 MG/KG 

.OllOOO MC/KG 

.OllOOO MC/KG 

.OllOOO MC/KG 

.OllOOO MC/KG 

.OllOOO HG/KG 

.OllOOO HG/KG 

.OllOOO MG/KG 

.OllOOO HG/KG 

.OllOOO MC/KG 

.OllOOO MC/KG 

.OOMOO HG/KG 

.OlOOOO MG/KG 

.OllOOO MC/KG 

.OllOOO MG/KG 

.OllOOO MG/KG 

.OllOOO MG/KG 

.057000 MG/KG 

.027000 MG/KG 

.028000 MGfKG 

.008000 MG/KG 

.OllOOO HG/KG 

.012000 MG/KG 

.OllOOO MG/KG 

.OllOOO MG/KG 

.OlOOOO HG/KG 

.OllOOO MG/KG 

.014000 MG/KG 

.OllOOO MC/KG 

.OllOOO MC/KG 

.OllOOO HG/KG 

.OllOOO MG/KG 

.OllOOO MG/KG 

.054000 MC/KG . 

.OllOOO MG/KG 

.OllOOO MG/KG 

.OlOOOO MG/KG 

.OllOOO MC/KG 

.OllOOO MG/KG 

.006000 MG/KG 

.007000 HG/KG 

.012000 HG/KG 

.025000 MG/KG 

.OllOOO MG/KG 

.120000 MG/KG 

.008000 MG/KG 

.006000 MC/KG 

.450000 MC/KG 

.450000 MG/KG 

.lSOOOO MC/KG 

.650000 MGfKG 

.023000. MG/KG 

.OllOOO MG/KG 

.O!XOOO MC/KG 



Table J-3. a Drum Data Used in the Risk Assessment (Page 8 of 20) 11:55:12 May 13, 1996 

F--- Medium Chemname Source Sampid Cone Units 

Soil Acetone ESE, Sep 1990 (Table G-l) TA-3-2 
TA-3-2RE 

.370000 MG/KG 

.340000 MG/KG 

.540000 MG/KG 

.440000 MG/KG 

< .001800 MG/KG 
< .001800 MG/KG 

.001400 MG/KG 

5470.000000 MG/KG 
5550.000000 MC/KG 
3680.000000 MC/KG 
4060.000000 MC/KG 
4650.000000 MG/KG 

TA-5-1 
TA-5-2 

ss-17 

SS-18 

ss-17 

SS-18 
ss-19 
ss-20 

ss-17 

SS-18 
ss-19 
ss-20 

ss-17 

SS-18 
ss-19 
ss-20 

03s-05 

03S-06 

03s-07 

03S-08 

ss-t7 

SS-18 
ss-19 
ss-20 

ss-17 

SS-18 
ss-19 
ss-20 

03s-05 

03S-06 

03s-07 

03s-08 

EY-2-1 
EY-2-2 
EY-3-l 
EY-3-2 
EY-4-l 
EY-4-2 
EY-5-l 
EY-5-2 
EY-5-2FD 
EY-7-1 
EY-7-2 
HM-10-l 
Iin-10-2 
flu-2-l 
w-2-2 
Iin-3-l 

Aldrin 

Aluninun 

Baker, May 1995 

Baker, May 1995 

< 
< 
< 
< 

< 
< 

< 
< 
< 
< 
< 
< 
< 
< 
< 

< 
< 
< 

< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 

1.900000 MC/KG 
2.100000 MC/KG 
3.200000 HG/KG 
2.000000 MG/KG 
2.400000 MG/KG 

Antimony Baker, May 1995 

Arsenic Baker, May 1995 10.500000 blG/KG 
11.200000 WG/KG 
11.700000 EIG/KG 
9.700000 MG/KG 

13.200000 MG/KG 

.050000 MC/KG 
14.000000 MG/KG 
U.000000 WG/KG 

5.300000 MG/KG 
8.400000 HG/KG 

21.000000 MC/KG 
4.700000 MC/KG 
6.500000 MG/KG 

14.000000 MC/KG 
6.200000 FIG/KG 

21.000000 MG/KG 
32.000000 FIG/KG 

38.100000 MG/KG 
39.700000 MC/KG 
53.800000 MG/KG 
34.200000 MG/KG 
56.600000 MG/KG 

3.600000 MG/KG 
7.200000 WC/KG 
6.900000 MG/KG 

.3500001 MG/KG 

.082000 MC/KG 

.200000 MG/KG 

.20000(D GIG/KG 

.260000 HG/KG 

.200000 HG/KG 

.200000 MG/KG 

.200000 MG/KG 

.200000 UG/KG 

.200000 MC/KG 

.2OODOO MG/KG . 

.200000 MG/KG 

.200000 MG/KG 

.200000 UG/KG 

Malcolm Pirnie, 1983-1986 

Barium Baker, May 1995 

Benz(a)anthracene Baker, May 1995 

Malcolm Pirnie, 1983-1986 

Benzene ESE, Sep 1990 (Table G-l) .005000 MG/KG 
.OOSOOO MG/KG 
.OOSODO FIG/KG 
002000 MC/KG 

:OOSOOO MGiKG 
.005000 MC/KG 
.OOSOOO MG/KG 
.OO!iOOO HG/KG 
.OOSOOO MG/KG 
.OO!iOOO MG/KG 
.006000 MG/KG 
.005000 MG/KG 
.005000 MG/KG 
.005000. MG/KG 
.OOSDOO FIG/KG 
.OOSDOO MC/KG 



Table J-3. Q Drum Data Used in the Risk Assessment (Page 9 of 20) 11 55:12 May 13, 1996 

Medium Chemame Source Saapid Cone Units 

Soit Benzene ESE, Sep 1990 (Table G-l) HM-3-2 
HM-4-1 
HM-4-1FD 
HM-4-2 
HM-5-l 
HM-5-2 
HH-7- 1 
HM-7-2 
HM-9- 1 
PP-11-l 
PP-11-2 
PP-12-l 
PP-12-2 
PP-14- 1 
PP-14-2 
PP-14-2FD 
PP-2-l 
PP-2-2 
PP-3- 1 
PP-3-1FD 
PP-3- IRE 
PP-3-2 
PP-5- 1 
PP-5-2 
PC-6-1 
PP-6-2 
PP-8-1 
PP-8-2 
PP-9-1 
PP-9-2 
SW- 1 
SW-2 
SW-3 
TA-1-l 
TA-l-2 
TA-I-2FD 
TA-3- 1 
TA-3-2 
TA-3-2RE 
TA-6- 1 
TA-6-2 

Benzo(a)pyrene Baker, May 1995 

Benro(b)fluoranthene Baker, Hay 1995 

Benzo(ghi)peryiene Baker, May 1995 

Benzo( k)f Luoranthene Baker, May 1995 

BHC, beta- Baker, May 1995 

BHC, delta- Baker, May 1995 

BHC, gamna- (Lindane) Baker, May 1995 

Bis(Z-ethylhexyl) phthalate Baker, May 1995 

ss-17 

SS-18 
ss-19 
ss-20 

ss-17 

SS-18 
ss-19 
ss-20 

ss-17 

SS-18 
ss-19 
ss-20 

ss-17 

ss-18 
ss-19 
ss-20 

ss-17 

ss-18 

ss-17 

SS-18 

ss-17 

SS-18 

ss-17 

ss-18 

< 
< 

< 

< 
< 

< 

< 

< 
< 

< 

< 

< 
< 

< 

< 

< 

< 

< 
< 

< 

< 
< 

< 
< 
< 

< 
< 
< 

< 

< 

< 

< 

< 
< 

< 

< 

< 

< 

< 

< 

< 

< 

< 
< 

< 

< 

< 

< 

< 

< 

< 

< 
< 

< 

< 

< 
< 

< 

-2 

< 

< 

< 

< 

< 
< 

.005000 MG/KG 

.005000 MG/KG 

.005000 MG/KG 

.006000 MG/KG 

.005000 MG/KG 

.006000 MG/KG 

.005000 MG/KG 

.OOSOOO MG/KG 

.005000 MG/KG 

.OOSOOO MG/KG 

.005000 MG/KG 

.005000 MG/KG 

.005000 MG/KG 

.005000 MG/KG 

.005000 MG/KG 

.OOSOOO MG/KG 

.027000 MG/KG 

.OOSOOO MG/KG 

.OOSOOO MC/KG 

.OOSOOO MG/KG 

.005000 MG/KG 

.OOSDOO MG/KG 

.005000 MC/KG 

.005000 MG/KG 

.005000 MG/KG 

.005000 MC/KG 

.005000 MC/KG 

.OOSOOO MG/KG 

.005000 WG/KG 

.006OOD WC/KG 

.007000 MC/KG 

.007000 MG/KG 

.006000 MG/KG 

.OOSOOO MC/KG 

.005000 MG/KG 

.005000 MG/KG 

.005000 MG/KG 

.005000 MG/KG 

.OOSOOO MG/KG 

.OOSOOO MG/KG 

.006000 GIG/KG 

3.600000 MG/KG 
7.200000 MC/KG 
6.900000 MC/KG 

.350000 MC/KG 

.085000 MC/KG 

3.600000 MG/KG 
7.200000 HG/KG 
6.900000 WG/KG 

.350000 HG/KG 

.130000 MG/KG 

3.600000 MG/KG 
7.200000 HG/KG 
6.900000 MG/KG 

30000 HG/KG 
.078000 FIG/KG 

3.600000 EIG/KG . 
7.200000 MG/KG 
6.900000 MGiKG 

.350000 FIG/KG 

.061000 MGiKG 

.003600 MGiKG 

.004000 MGiKG 

.001700 MGiKG 

.OOllOO WGiKG 

.001800 MGiKG 

.001700 MGiKG 

.OOllOO EIGiKG 

.OD1800 MGiKG 

.001700 MGiKG 

3.600000. MGiKG 
7.200000 MC/KG 
6.900000 MG/KG 



Table J-3. Cl Drum Data Used in the Risk Assessment (Page 10 of 201 11:55:12 May 13, 1996 

Medium Chermame Source Sanpid cone Units 

Soil Bi.s(Z-ethylhexyl) phthalate Baker, May 1995 ss-19 
ss-20 

Butylbenzyl phthalate Malcolm Pirnie, 1983-1986 03s-09 

03S-09A 
03s-10 

03s-11 

03S-12 

03%13 

03s-14 

03s-15 

Cadmium (solid matrix) Malcolm Pirnie, 1983-1986 03s-05 

03S-06 

03%07 

03%08 

Calcium Baker, May 1995 ss-17 

Chlordane, alpha- Baker, May 1995 ss-17 

Chlordane, gamna- Baker, May I*5 ss-17 

SS-18 
ss-19 
ss-20 

Chromiun, total Baker, Hay 1995 ss-17 

SS-18 
ss-19 
ss-20 

SS-18 
ss-19 
ss-20 

SS-18 
ss-19 
ss-20 

Malcolm Pirnie, 1983-1986 03s-05 

03S-06 

03s-07 

WS-08 

Chrysene Baker, May 1995 ss-17 

SS-18 
ss-19 
SS-to 

< 
< 
< 
< 
< 
< 
< 
< 

< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
z 

.047000 MG/KG 

.lOOOUO MC/KG 

.330000 MGfKG 

.33OOOD MG/KG 

.330000 WG/KG 

.330000 HG/KG 
-330000 MG/KG 
.330000 HG/KG 
-330000 HGiKG 
-330000 MC/KG 
-530000 #G/KG 
.330000 MG/KG 
.33OOOD MC/KG 
.33OOOD MG/KG 
.330000 MG/KG 
.330000 MC/KG 
.330000 NG/KG 
.330000 MC/KG 
.330000 MC/KG 
.330000 MC/KG 
.330000 MC/KG 
.330000 MC/KG 
.330000 MC/KG 

1.200000 MG/KG 
1.400000 HG/KG 
2.000000 MGiKG 

.500000 WG/KG 

.600000 MC/KG 
1.000000 MG/KG 

.500000 FIG/KG 
1.300000 MG/KG 
1.300000 MG/KG 
1.000000 MGiKG 
1.000000 MGiKG 
1.000000 HG/KG 

**w*C***** t4GiKG 
******-** MGiKG 
*****- MGiKG 
**+*+c***n FIG/KG 
**-****u MGiKG 

< .001800 
< .001800 

.003100 

.007700 

.012000 

MGiKG 
MGiKG 
UC/KG 
MGiKG 

< .001800 
< .001800 

.004900 

.010000 

.014000 

MGiKG 
HGiKG 
UG/KG 
UG/KG 
MGiKG 

13.900000 MC/KG 
16.600000 MGiKG 
13.4oooi;o MC/KG 
17.200000 MGiKG 
19.900000 MGiKG 

8.000000 
10.000000 
16.000000 
yo0~~~ 

20:DOOOO0 
6.400000 

12.DOOODO 
12.000000 

8.400000 
16.000000 
17.000000 

MC/KG 
UGiKG 
HGiKG 
MC/KG 
MGiKG 
MC/KG 
MGiKG 
MO/KG 
MGiKG 
MC/KG 
UG/KG 
MGiKG 

4 3.600000 HGiKG 
< 7.200000 MGiKG 
< 6.900000 MC/KG 
< .350000~ MGiKG 

.llOOOO MGiKG 



Table J-3. a Drum Data used in the Risk Assessment (Page 11 of 20) 11:55:12 May 13, 1996 

Mediun Chemname Source Sampid 
.- 

Cone Units 

Soil Chrysene Malcolm Pirnie, 

Copper 

DOD, PIP‘- 

DDE, PIP’- 

DOT, P.P’- 

Baker, May 1995 

Malcolm Pirnie, 

Baker, May 1995 

Malcolm Pirnie, 

Baker, May 1995 

Malcolm Pirnie, 

Malcolm Pirnie, 

1983-1986 03s-05 

03s-06 

035-07 

03S-08 

ss-17 

ss-18 
ss-19 
ss-20 

1983-1986 035-05 

03%06 

03s-07 

03S-08 

ss-17 

ss-18 
ss-20 

1983-1986 03%05 

03s-06 

03s-07 

03s-08 

ss-17 

SS-18 
ss-20 

1983-1986 03%05 

03%06 

03s-07 

03s-08 

1983-1986 03s-05 

03%06 

03s07 

03s08 

< 
< 

< 
< 
< 
< 
< 
< 
< 
< 
< 

< 

< 
< 
< 
< 
< 
< 

< 
< 
< 

< 
< 

< 
< 
< 
< 
< 
< 
< 

< 
< 
< 

< 
< 
< 
< 
< 
< 
< 
< 

< 
< 
< 

.200000 MG/KG 

.200000 MG/KG 

.260000 MG/KG 

.200000 HG/KG 

.200000 MG/KG 

.200000 MG/KG 

.200000 MG/KG 

.200000 HG/KG 
.200000 MC/KG 
.200000 MG/KG 
.200000 MC/KG 
.200000 MC/KG 

9.800000 MG/KG 
12.000000 MG/KG 
24.300000 MG/KG 
12.300000 MG/KG 
21.000000 MC/KG 

1.200000 MG/KG 
5.100000 MC/KG 
5.600000 MG/KG 

.500000 MG/KG 

.600000 HG/KG 
5.200000 WG/KG 
1.300000 MC/KG 
2.000000 MG/KG 
4.700000 UG/KG 
1.800000 MC/KG 
1.900000 HG/KG 

ll.OOOO00 WC/KG 

.003200 MC/KG 

.OlOOOO MC/KG 

.003800 FIG/KG 

.003600 MC/KG 

.002000 MG/KG 

.002000 MG/KG 

.002000 MG/KG 

.002000 UC/KG 

.002000 MC/KG 

.002000 MC/KG 

.003700 MG/KG 

.I30000 WG/KG 
.160000 MG/KG 
.002000 HG/KG 
.002000 HG/KG 
.002000 MG/KG 

.002200 MG/KG 

.003600 UG/KG 

.OD3500 UG/KG 

.001800 HG/KG 

.002000 UC/KG 

.002000 MG/KG 

.002000 MG/KG 

.002000 MG/KG 

.002000 UC/KG 

.002000 UC/KG 

.002000 MG/KG 

.OOf400 MG/KG 

.005700 HG/KG 

.002000 MG/KG 

.002000 UG/KG 

.002000 MC/KG 

.002000 MG/KG 

.002000 UG/KG 

.002000 WG/KG 

.002000 MG/KG 

.002000 MG/KG 

.002000 MG/KG 

.002000 MG/KG 

.002000 MG/KG 

.002100 MG/KG 

.OOtOOO MG7KG 

.002000. WG/KG 

.002000 UG/KG 



Table J-3. Q Drum Data Used in the Risk Assessment (Page 12 Of 20) 11:55:12 May 13, 1996 

Mediun Chermame Source Sampid Cone Units 

Soil Di-n-butyl phthalate Malcolm Pirnie, 1983-1986 03s-05 

03S-06 

03s-07 

03s-08 

Dichlorobenzene, 1,4- 

Dichloroethene, l,l- 

Maicolm Pirnie. 1983-1986 03s-05 

03S-06 

03s-07 

03s-08 

ESE, Sep 1990 (Table G-l) w-2-1 
EY-2-2 
EY-3-1 
EY-3-2 
EY-4-1 
EY-4-2 
EY-5-l 
EY-5-2 
EY-S-2FD 
EY-7-l 
EY-7-2 
HH-10-l 
HH-10-2 
HH-2-l 
HM-2-2 
HM-3- 1 
W-3-2 
HM-4- 1 
HM-4- 1 FD 
HM-4-2 
HH-5-l 
HM-5-2 
HM-7- 1 
HH-7-2 
HH-9-l 
PP-11-l 
PP-11-2 
PP-12-1 
PP-12-2 
PP-14-l 
PP-14-2 
PP-14-2FD 
PP-2- 1 
PP-2-2 
PP-3-l 
PP-3- 1 FD 
PP-J-1RE 
PP-3-2 
PP-5-1 
PP-5-2 
PP-6-l 
PP-6-2 
PP-8-l 
PP-8-2 
PP-9-1 
PP-9-2 
SW-1 
su-2 
SW-3 
TA-l-l 
TA-l-2 
TA-l-2FD 
TA-3- 1 
TA-3-2 
TA-3-2RE 

< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 

< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 

< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 

< 
< 
< 
< 
< 
< 
< 

.200000 MG/KG 

.200000 MG/KG 

.20000O HG/KG 

.20000O WG/KG 

.20000O MG/KG 

.20000O MG/KG 

.20000O MG/KG 

.20000O HG/KG 

.20000O MC/KG 

.200000 -MG/KG 

.200000 MG/KG 
2.000000 MG/KG 

.200000 MG/KG 

.200000 WG/KG 

.200000 UG/KG 

.20000O MG/KG 

.20000O MC/KG 

.20000O MC/KG 

.200000 MG/KG 

.200000 MG/KG 

.200000 MG/KG 

.200000 MG/KG 

.200000 WC/KG 
2.000000 MC/KG 

.OOSOOO MC/KG 

.005000 MG/KG 

.005000 MG/KG 

.005000 PIG/KG 

.OOSoOO MG/KG 

. 005000 MC/KG 

.OOSOOtl HG/KG 

.005000 WG/KG 

.005000 MC/KG 

.005000 MG/KG 

.006oOCl HG/KG 

.005000 MG/KG 

.005000 MG/KG 

.005ODO MG/KG 
.005OOO UG/KG 
.00500O MG/KG 
.0050OCl WG/KG 
.DOSOOO WC/KG 
.005000 HG/KG 
.006000 MC/KG 
.0050OO MC/KG 
.006000 MC/KG 
.OOSOOO HG/KG 
.005000 c(G/KG 
.0050OO MG/KG 
.00500O UG/KG 
.005OOO HG/KG 
.DOSOOO UG/KG 
.00500O UG/KG 
.005OOO ltG/KG 
.00500O MC/KG 
.DO5000 MC/KG 
.02?000 WC/KG 
.DD5000 FIG/KG 
.005000 MG/KG . 
.OOSOOO MG/KG 
.005000 MG/KG 
.005000 MC/KG 
.005000 MG/KG 
.005000 IIG/KG 
.OOSOOO t4G/KG 
.005000 FIG/KG 
.005000 UG/KG 
.005000 UG/KG 
.005000 UC/KG 
.006000 UG/KG 
.007000 ltG/KG 
.005000 l4GfKG 
.OO&TOD MG/KG 
.DO5000 FIG/KG 
.005000 RIG/KG 
.OOSOOO MC/KG 
.ODSOOO MC/KG 
.005000 MG/KG 
.005000 MG/KG 



Table J-3. Q Drum Data Used in the Risk Assessment (Page 13 of 20) 11:55:12 May 13, 1996 

Medium Chermame Source Sawid Cone Units 

Soil Dichloroethene, l,l- ESE, Sep 1990 (Table G-1) TA-5-l 
TA-5-2 

Dichloroethenes, 1,2-, total ESE, Sep 1990 (Table G-1) EY-2-1 
EY-2-2 
EY-3-1 
EY-3-2 
EY-4-1 
EY-4-2 
EY-5-1 
EY-5-2 
EY-5-2FD 
EY-7-1 
EY-7-2 
HM-10-l 
HM-lo-2 
HM-2-1 
HM-2-2 
HM-3- 1 
HM-3-2 
HM-4- 1 
HM-4-IF0 
HM-4-2 
HM-5- 1 
HM-5-2 
HM-7-l 
HM-7-2 
HM-9- 1 
PP-11-l 
PP-11-2 
PP-12-I 
PP-12-2 
PP-14-l 
PP-14-2 
PP-14-2FD 
PP-2-1 
PP-2-2 
PP-3-1 
PP-3- 1 FD 
PP-3-1RE 
PP-3-2 
PP-5-l 
PP-5-2 
PP-6- 1 
PP-6-2 
PP-8- 1 
PP-8-2 
PP-9- 1 
PP-9-2 
SW-1 
SW-2 
SW-3 
TA-1-l 
TA-l-2 
TA-l-2FD 
TA-3- 1 
TA-3-2 
TA-3-2RE 
TA-S- 1 
TA-S-2 

Dimethylphenol, 2,4- 

Dinitrotoluene, 2,4- 

Ualcolm Pirnie, 1983-1986 03s-05 

03S-06 

03s-07 

03s-08 

Malcolm Pirnie, 1983-1986 03905 

03s-06 

D3S-07 

< 
< 

< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 

< 
< 

< 
< 

< 
< 
< 
< 
< 
< 
< 
< 
< 

< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 

< 
< 
< 
* 
< 

< 
< 

< 
< 
< 

< 
< 
< 
< 
< 
< 
< 

.005000 MG/KG 

.006000 MG/KG 

.005000 MG/KG 

.005000 MG/KG 

.005000 MG/KG 

.005000 MC/KG 

.005000 MG/KG 

.005000 MC/KG 

.005000 MC/KG 

.005000 MG/KG 

.005000 MC/KG 

.005000 MG/KG 

.006000 MG/KG 

.005000 MG/KG 

.OOSOOO WC/KG 

.005000 MC/KG 

.005000 MG/KG 

.020000 MG/KG 

.005000 MG/KG 

.005000 MG/KG 

.OOSOOO MC/KG 

.006000 MG/KG 

.005000 MG/KG 

.016000 MG/KG 

.015000 MG/KG 

.005000 MG/KG 

.005000 MG/KG 

.OOSOOO UG/KG 

.005000 MG/KG 

.005000 MG/KG 

.005000 MC/KG 

.005000 MC/KG 

.OOSOOO HG/KG 

.OOSOOO MC/KG 
1.500000 MG/KG 

.005000 MG/KG 

.OOSOOO MC/KG 

.DO5000 MG/KG 

.005ODO MC/KG 

.OOSDOO MG/KG 

.OOSOOO HG/KG 

.005000 MG/KG 

.005000 MG/KG 

.005000 MG/KG 

.005000 MG/KG 

.005000 HG/KG 

.005000 MG/KG 

.006000 MG/KG 

.007000 MG/KG 

.007000 MC/KG 

.006000 MG/KG 

.005000 MG/KG 

.005000 MG/KG 

.005000 FIG/KG 

.005000 UG/KG 

.OOSOOO MG/KG 

.005000 UG/KG 

.005000 HG/KG 

.OD6OOD MG/KG 

.500000 MG/KG 

.SOOODO MC/KG 
SO0000 MC/KG 
.SOOOOO UC/KG 
SO0000 MG/KG 
.RDOOO MC/KG 
.500000 MG/KG 
.500000 UC/KG 

4.800000 MG/KG 
.500000 UG/KG 
.500000 MG/KG 
. 500000 UC/KG 

.200000 MG/KG 

.200000 MG/KG 

.200000 MC/KG 

.200000 MGIKG 

.200000. MC/KG 

.200000 MG/KG 

.200000 MG/KG 



Table J-3. P Drum Data Used in the Risk Assessment (Page I4 of 20) 11:55:12 May 13, 1996 

.- Hediua Chemname Source Sampid Cone Units 

Fluoranthene Baker, May 1995 

Malcolm Pirnie, 1983-1986 

Indeno(l,2,3-cd)pyrene 

Iron 

Lead 

Baker, May 1995 

Baker, May 1995 

Baker, May 1995 

Malcolm Pirnie, 1983-1986 

Magnesiun Baker, May 1995 

Manganese Baker, Hay 1995 

Soil Dinitrotoluene, 2,4- Malcolm Pirnie, 1983-1986 03s-07 

03s-08 

Endosutfan sulfate Malcolm Pirnie, 1983-1986 03s-05 

03S-06 

03s-07 

03s-08 

ss-17 

SS-18 
ss-19 
ss-20 

03s-05 

03S-06 

03s-07 

03S-08 

ss-17 

ss-la 
ss-19 
SS-20 

ss-17 

SS-18 
ss-19 
ss-20 

ss-17 

SS-18 
ss-19 
ss-20 

03s-05 

03S-06 

03-S-07 

03S-08 

ss-17 

SS-18 
ss-19 
ss-20 

ss-17 

ss-18 
ss-19 
ss-20 

< 
< 
< 
< 

< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 

< 
< 
< 
< 

< 
< 

< 
< 
< 
< 
< 
< 
< 
< 
< 

< 
< 
< 
< 

.200000 MGfKG 

.200000 MG/KG 

.200000 MG/KG 

.200000 MGfKG 
1.800000 MG/KG 

.OD2000 MG/KG 

.002000 MGfKG 

.002000 MC/KG 

.002000 MG/KG 

.002000 WGfKG 

.002000 MGfKG 

.002000 MGfKG 

.002000 MGfKG 

.002000 MC/KG 

.002000 MGfKG 

.002000 MGfKG 

.021000 MC/KG 

3.600000 MGfKG 
7.200000 MGfKG 
6.900000 MGfKG 

.350000 MC/KG 

.170000 MGfKG 

.200000 MC/KG 

.200000 MGfKG 

.700000 MC/KG 

.200000 MGfKG 

.200000 MGfKG 

.2ODOOD MGfKG 

.200000 MGfKG 

.2ODOOO MGfKG 

.200000 MGfKG 

.200000 MC/KG 

.200000 MGfKG 

.200000 FIG/KG 

3.600000 MGfKG 
7.200000 MG/KG 
6.900000 MG/KG 

.350000 MG/KG 

.083000 MGfKG 

*****.*t*** 
*******lb*** 
*t***t***** 
****we***** 
*********o 

MG/KG 
MG/KG 

MGiKG 
MGfKG 

15.900000 MG/KG 
17.000000 MG/ KG 

105.000000 MGfKG 
17.000000 MGfKG 
50.600000 MGfKG 

7.600000 
28.000000 
34.ODOOOO 

%2:: 
23:oooooo 
13.000000 
13.000000 
32.000000 

7.000000 
9.200000 

Zl.OOOODO 

MGfKG 
MC/KG 
MGfKG 
MGfKG 
MGfKG . 
MG/KG 
MGfKG 
MGfKG 
MGfKG 
MGfKG 
MC/KG 
MC/KG 

3380.000000 MGfKG 
3410.000000 MGfKG 
5500.000000 MG/KG 
3470.000000 MG/KG 
3120.000000 MGfKG 

286.000000 
362.000000 
245.000000 
251.000000 . 
287.000000 

NG;KG 
MG/KG 
MG/KG 



Table J-3. Q Drum Data Used in the Risk Assessment (Page 15 of 20) 11:55:12 May 13, 1996 

Medium Chemname Source Sampid Cone Units 

Methylene chloride 

Nickel 

Phenanthrene 

ESE, Sep 1990 (Table G-l) HM-IO-2 
HM-2-2 
HM-3- 1 
HM-3-2 
HH-4- 1 
HM-4-2 
PP-11-l 
PP-11-2 
PP-14-l 
PP-2-l 
PP-2-2 
PP-3-1 
PP-3-1 FD 
PP-3-1RE 
w-3-2 
PP-5-1 
PP-5-2 
PP-6-l 
PP-6-2 
SW2 
SW-3 
TA-3-2 

Baker, May 1995 

Malcolm Pirnie, 1983-1986 

ss-17 

ss-la 
ss-19 
ss-20 

03s-05 

03S-06 

Soil Mercury Malcolm Pirnie, 1983-1986 03s-05 

03S-06 

03s-07 

03S-08 

03%07 

03%08 

Nitrosodi-N-propylamine, N- Malcolm Pirnie, 1983-1986 03%05 

03S-06 

03s07 

03s-08 

Baker, May 1995 

Malcolm Pirnie, 1983-1986 

ss-17 

ss-ia 
ss-19 
ss-20 

03s-05 

03S-06 

03s07 

< 
< 

< 
< 
< 

< 

< 

< 

< 

< 

< 

< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 

< 
< 
< 
< 

< 
< 

< 
< 

< 

.060000 HG/KG 

.080000 HGfKG 

.140000 MG/KG 

.030000 MG/KG 

.060000 MG/KG 

.080000 MC/KG 

.030000 MGfKG 

.I10000 MG/KG 

.240000 MC/KG 

.025000 vMG/KG 

.030000 MC/KG 

.045000 MGfKG 

.005000 MGfKG 

.005000 MGfKG 

.003000 MGfKG 

.005000 MGfKG 

.OOSOOO MGfKG 

.006000 MGfKG 

.009000 MC/KG 

.024000 MG/KG 

.034000 HGfKG 

.039000 MGfKG 

.005000 MGfKG 

.028000 MC/KG 

.005000 MG/KG 

.018ODO MG/KG 

.OOSOOO MG/KG 

.004000 MC/KG 

.005000 MG/KG 

.022000 MGfKG 

.020000 MGfKG 

.007000 MGfKG 

.009000 MGfKG 

.005000 MG/KG 

6.300000 MGfKG 
7.900000 MG/KG 

10.200000 MGfKG 
14.800000 HG/KG 
11.800000 MGfKG 

2.400000 MGfKG 
5.100000 MGfKG 
5.300000 MGfKG 
1.200000 MC/KG 
1.400000 MC/KG 
4.200000 MG/KG 
1.500000 MC/KG 
1.700000 MG/KG 
5.100000 MG/KG 
1.800000 MGfKG 
2.400000 MC/KG 

22.000000 MG/KG 

.200000 MGfKG 

.200000 MGfKG 

.200000 MC/KG 

.200000 NG/KG 

.ZOOOOD MC/KG 

.200000 MGfKG 

.200000 MC/KG 

.tOOOOO MGfKG 

.200000 MC/KG 

.200000 MGfKG 

.200000 MGfKG 
10.000000 MC/KG 

3.600000 MC/KG 
7.200000 MGfKG 
6.900000 MGfKG 

.350000 MG/KG 

.092000 HGfKG 

.200000 MG/KG 

.200000 MC/KG 

.600000 MC/KG 

.200000 MGfKG 

.200000 MC/KG 

.380000 FIG/KG 

.200000 MC/KG 
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Medium Chemname Source Sampid Cone Units 

Soil Phenanthrene Malcolm Pirnie, 1983-1986 

Phenol Baker, May 1995 

Malcolm Pirnie, 1983-1986 

Potassiun Baker, May 19Y5 

Pyrene Baker, May 1995 

Silver 

sodiun 

Tetrachloroethene 

Malcolm Pirnie, 19a3-1986 

Malcolm Pirnie, 1983-1986 

Baker, May 1995 

Baker, May 1995 

ESE, Sep 1990 <Table G-l) 

033-07 

03S-08 

ss-17 

SS-18 
ss-19 
ss-20 

03s-05 

03S-06 

03s-07 

03S-08 

ss-17 

ss-la 
ss-19 
ss-20 

ss-17 

ss-ia 
ss-19 
ss-20 

03s-05 

03S-06 

03-s-07 

03s-08 

03s-05 

03S-06 

03s-07 

03s-08 

ss-19 

ss-17 

ss-ia 
ss-19 
ss-20 

u-2-1 
EY-2-2 
EY-3-l 
EY-3-2 
EY-4-1 
EY-4-2 
EY-5-l 
EY-5-2 
EY-5-2FD 
EY-7-l 

< 
< 
< 
< 
< 

< 
< 
< 
< 

< 
< 
< 
< 

< 
< 
< 
< 
< 
< 

.200000 MGfKG 

.2000oO MGfKG 

.200000 MG/KG 

.2ODOOO MGfKG 

.200000 MC/KG 

2.700000 WGfKG 
7.200000 MG/KG 
6.900000 MC/KG 

.350000 MC/KG 

.360000 MGfKG 

.500000 HGfKG 

.500000 MC/KG 

.500000 HG/KG 

.500000 MGfKG 
2.200000 MGfKG 
3.400000 MGfKG 

.500000 MGfKG 

.500000 MGfKG 

.500000 MGfKG 

.500000 MC/KG 

.SDOOOD MC/KG 

.SODOOO MGfKG 

2310.000000 MG/KG 
2800.000000 HGfKG 
1220.000000 MG/KG 
1760.000000 MGfKG 
1890.000000 MG/KG 

< 
< 
< 
< 

< 
< 

< 
< 
< 
< 
< 
< 
< 
< 

< 
< 
* 
< 

c 
< 
* 
< 
< 
< 

3.600000 MGfKG 
7.200000 MG/KG 
6.900000 MC/KG 

.350000 MG/KG 

.140000 MGfKG 

.2ODO00 MC/KG 

.500000 MC/KG 

.520000 MGfKG 

.200000 MGfKG 

.200000 MGfKG 

.200000 FIG/KG 

.200000 MC/KG 

.200000 MC/KG 

.200000 MC/KG 

.200000 MC/KG 

.200000 MG/KG 
1.800000 MG/KG 

.06OOOtl MGfKG 

.060000 MGfKG 

.060000 MG/KG 

.060000 MG/KG 

.300000 MC/KG 
l.OOOOOQ MG/KG 

.060000 RIG/KG 

.060000 MG/KG 

.060000 MC/KG 

.060000 MGfKG 

.060000 MC/KG * 

.060000 MG/KG 

1140.000000 

.002000 
< .011000 

.044000 
< .01000cl 
< .011000 

< :X%E 
< 
< :%% 
< .005000 
< .005000 
< .DO5000 
< .005000 
< .005000 
c .005000 

FIG/KG 

MG/KG 
MC/KG 
MC/KG 

MGiKG 

MC/KG 
MG/KG 

MGiKG 
MGfKG 
MGfKG 
MGiKG 
MGfKG 
MG/KG 
MGIKG 



Table J-3. Q Drum Data Used in the Risk Assessment (Page I7 of 20) 11:55:12 May 13, 1996 

Medium Chemame Source Sampid Cone Units 

Soil Tetrachloroethene ESE, Sep 1990 (Table G-l) EY-7-2 
HM-10-l 
HM-10-2 
HM-2- 1 
HM-2-2 
HM-3-1 
HM-3-2 
HM-4- 1 
HM-4-IF0 
HM-4-2 
HM-5-1 
HM-5-2 
HM-7-1 
HM-7-2 
HH-9-l 
PP-11-l 
PP-11-2 
PP-12- 1 
PP-12-2 
PP-14-1 
PP-14-2 
PP-14-2FD 
PP-2- 1 
PP-2-2 
PP-3- 1 
PP-3- 1 FD 
PP-3-IRE 
PP-3-2 
PP-5-l 
PP-5-2 
PP-6- 1 
PP-6-2 
PP-a- I 
PP-8-2 
PP-9- 1 
PP-9-2 

- 
I%-: 
su-3 
TA-l-l 
TA-l-2 
TA-l-2FD 

Thalliun Malcolm Pirnie, 1983-1986 

Toluene Baker, May 1995 

TA-3-1 
TA-3-2 
TA-3-2RE 
TA-5-l 
TA-5-2 

03%05 

03S-06 

03s-07 

03s-08 

ss-17 

ss-ia 
ss-19 
ss-20 

ESE, Sep 1990 (Table G-1) EY-2-1 
EY-2-2 
EY-3-l 
EY-3-2 
EY-4-l 
EY-4-2 
EY-5-l 
EY-5-2 

KE’” _ _ 
EY-7-2 
HM-10-1 
HH-10-2 
H&2- 1 

< 

< 
< 
< 

< 

< 
< 
< 
< 

< 
< 

< 
< 
< 
< 

< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 

< 

< 
< 
< 
< 
< 
< 
< 

< 

< 
< 

< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 

.006OOD 

.150000 

.005000 

.005000 
* 005000 
.004000 
.DOSOOO 
.010000 
.017000 

.005000 

.006000 

.005000 

.005000 

.096000 

.005000 

.005000 

.005000 

.005000 

.005000 

.005ODO 

.005000 

.006000 

.007000 

.007000 

.006000 

.002000 

.005000 

.005000 

. 005000 

. 005000 

.005000 

.005000 

.006000 

MG/KG 
MGfKG 
MG/KG 
MC/KG 
MGfKG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MC/KG 
MGfKG 
MC/KG 
MG/KG 
MC/KG 
MC/KG 
MC/KG 
MC/KG 
MGfKG 
MC/KG 
MC/KG 
MC/KG 
MGfKG 
MGfKG 
MC/KG 
MGfKG 
MC/KG 
MGfKG 
MC/KG 
MGfKG 
MC/KG 
HGfKG 
MC/KG 
MG/KG 
MC/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MC/KG 
MGfKG 
MG/KG 
FIG/KG 
MG/KG 
MC/KG 
MGfKG 
MGfKG 

2.000000 

22.000000 
2.500000 
2.800000 

f %EX 
6:000000 
6.600000 
9.000000 

21.000000 

MG/KG 
MGfKG 
MGfKG 
MG/KG 
MGfKG 
MG/KG 
MGfKG 
MGfKG 
MG/KG 
WGfKG 
MGfKG 
MC/KG 

;o11000 
.005000 
.OlDOOO 
.DllOOO 

MC/KG 
MGfKG 
MC/KG 
HGfKG 
MG/KG 

.005000 MG/KG 

.OOSOOO MC/KG 

.005000 MG/KG 

.005000 MGfKG 

.005000 MG/KG 

.005000 MG/KG 

.005000 MGfKG 

. 005000 MGfKG 

.005000 MC/KG 

.005000 MC/KG 

.006000 MG/KG 

.005000' MC/KG 

.005000 MC/KG 
< .OOSOOO MGfKG 
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Mediull Chemname Source Sanpid Cone UnT ts 

Soil Toluene ESE, Sep 1990 (Table G-1) HM-2-2 
HM-3-l 
HM-3-2 
H&4- 1 
HM-4-IFD 
HM-4-2 
HM-5-l 
HM-5-2 
HM-7-l 
HM-7-2 
HM-9- 1 
PP-11-l 
PP-11-2 
PP-12-I 
PP-12-2 
PP-14-1 
PP-14-2 
PP-14-2FD 
PP-2-l 
PP-2-2 
PP-3-l 
PP-3-IF0 
PP-3-IRE 
PP-3-2 
PP-5-I 
PP-5-2 
PP-6- 1 
PP-6-2 
PP-8- 1 
PP-8-2 
PP-9- 1 
PP-9-2 
SW1 
SW-2 
su-3 
TA-l-l 
TA-l-2 
TA-I-2FD 
TA-3-l 
TA-3-2 
TA-3-2RE 
TA-5-l 
TA-5-2 

Trichlorobenzene, 1,2,4- Malcolm Pirnie, 1983-1986 03s-05 

03S-06 

03s-07 

03%08 

Trichloroethane, l,l,l- ESE, Sep 1990 (Table G-l). EY-2-l 
EY-2-2 
EY-3-1 
EY-3-2 
EY-4-l 
EY-4-2 
EY-5-l 
EY-5-2 
EY-5-2FD 
EY-7-l 
EY-7-2 
HM-IO-1 
HH-10-2 
HM-2- 1 
HM-2-2 
w-3- 1 
HM-3-2 
w-4-1 
HM-4-l FD 
HM-4-2 
HFl-5-l 
HM-5-2 
HM-7- 1 
HM-7-2 

< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
i 

< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 

< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 

< 
< 
< 
c 
< 
< 
< 
< 
< 
< 
% 

< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 

.DOSOOO MC/KG 

.OOSOOD MG/KG 

.OOSDOO MG/KG 

.005000 MC/KG 

.005000 MC/KG 

.006000 MC/KG 

.005000 MG/KG 

.006000 MC/KG 

.OOSOOD MG/KG 

.ODSOOO MC/KG 

.005000 MG/KG 

.DDSOOO MG/KG 

.005000 MG/KG 

.005000 HG/KG 

.005000 MG/KG 
-005000 MC/KG 
.005000 MG/KG 
.ODSOOO MC/KG 
.I40000 MC/KG 
.005000 MG/KG 
.005000 MG/KG 
.005000 MG/KG 
.005000 MG/KG 
.QOSOOD MG/KG 
.005000 MG/KG 
.005000 MG/KG 
.005000 MGfKG 
.005000 HG/KG 
.005000 MG/KG 
.DOSOOO MC/KG 
.005000 MG/KG 
.006000 MG/KG 
.007000 MG/KG 
.007000 HG/KG 
.006000 MG/KG 
.DOSOOO WG/KG 
.OOSOOO GIG/KG 
.OOSOOO MG/KG 
.005000 WG/KG 
.005000 MG/KG 
.OOSOOO FIG/KG 
.005000 MC/KG 
.006000 MG/KG 

.200000 MG/KG 

.200000 UG/KG 

.200000 MC/KG 

.200000 MC/KG 

.200000 MG/KG 

.200000 MG/KG 

.200000 MC/KG 

.200000 UG/KG 

.200000 HG/KG 

.200000 HG/KG 

.200000 MC/KG 
2.000000 MC/KG 

.005000 MC/KG 

.005000 MG/KG 

.005000 MG/KG 

.005000 WG/KG . 

.005000 MG/KG 

.005000 HG/KG 

.005000 MG/KG 

.005000 MG/KG 

.005000 MG/KG 

.005000 k!G/KG 

.006000 GIG/KG 

.OOlOOO MG/KG 

.005000 MO/KG 

.005000 GIG/KG 

.005000 MG/KG 

.005000 WG/KG 

.OOSOOO IWKG 

.005000 HG/KG 

. OOSOOCI MC/KG 
-DO6000 MG/KG 
.OOSOOO MG/KG 
.006000 . MC/KG 
.OOSOOO MC/KG 
.005000 MG/KG 
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Medium Chemame Source Sampid Cone Units 

Soil Trichloroethane, l,l,l- ESE, Sep 1990 (Table G-l) HM-9- 1 
PP-11-l 
j$.ji.i 
PP-12-l 
PP-12-2 
PP-14-l 
pp.+2 
PP-14.2FD 
PP-2- 1 
PP-2-2 
PP-3- 1 
PP-3- 1 FD 
PP-3- IRE 
PP-3-2 
PP-5-l 
PC-S-2 
PP-6- 1 
PP-6-2 
PP-8- 1 
PP-8-2 
PP-9- 1 
PP-9-2 
su-1 
SW-2 
w-3 
TA-1-l 
TA-l-2 
TA-I-2FD 
TA-3-1 
TA-3-2 
TA-3-2RE 
TA-5-l 
TA-5-2 

Vanadiun 

Xylenes, total 

Baker, May 1995 ss-17 

SS-18 
ss-I9 
ss-20 

ESE, Sep 1990 (Table G-l) EY-2-l 
EY-2-2 
EY-3- 1 
EY-3-2 
EY-4- I 
EY-4-2 
EY-5-l 
EY-5-2 
EY-5-2F0 
EY-7-l 
EY-7-2 
HM-10-I 
HM-IO-2 
HM-2-l 
HM-2-2 
HM-3- 1 
HH-3-2 
HM-4- 1 
HH-4- 1 FD 
HM-4-2 
HM-5-l 
HM-5-2 
HM-7- 1 
HM-7-2 
HM-9- 1 
PP-II-I 
PP-II-2 
PP-12-l 
PP-12-2 
PP-14-l 
PP-14-2 
PP-14.2FD 
PP-2- 1 
PP-2-2 
PP-3-l 
PP-3- 1 FD 
PP-J-IRE 
PP-3-2 
PP-5-l 
PP-5-2 

< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
i 
< 
< 
< 
< 
< 
< 
< 
< 
< 

< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 

PP-6-l < 

.ODSOOD MG/KG 

.OOSOOO MGfKG 

.OOSOOO MC/KG 

.005000 MC/KG 

.005000 MC/KG 

.OOSODO MGfKG 

.OOSOOD MGfKG 

.OOSODD MGfKG 

.027000 MGfKG 

.005000 MC/KG 

.005000 MGfKG 

.005000 MC/KG 

.OOSODO MGfKG 

.OOSOOO MGfKG 

.005000 MGfKG 

.OOSOOO WGfKG 

.005000 HGfKG 

.005000 HGfKG 

.005000 MGfKG 

.OOSODD MC/KG 

.OOSOOO MC/KG 

.006ODD MGfKG 

.007ODD MGfKG 

.007000 MGfKG 

.006DOO HGfKG 

.005000 UGfKG 

.OOSOOO MC/KG 

.ODSOOO MC/KG 

.OOSOOO MC/KG 

.OOSOOO MC/KG 

.005000 MGfKG 

.DOSODO MGfKG 

.006000 MC/KG 

29.700000 MGfKG 
32.200000 MGfKG 
43.300000 UG/KG 
35.8OODOO WGfKG 
53.200000 UC/KG 

.005000 UGfKG 

.OOSOOO MGfKG 

.OOSOOO MGfKG 

.OOSOOO MC/KG 

.005000 MC/KG 

.005000 MC/KG 

.OOSOOO MGfKG 

.OOSDOO MGfKG 

.005000 MC/KG 

. 005000 MGfKG 

.006000 MC/KG 

.005000 MGfKG 

.OOSOOO MGfKG 

.OOSOOO MGfKG 

.OO!iOOO MGfKG 

.005000 WC/KG 

.OOSOOO HGfKG 

.OOSOOO MGfKG 

.OOSOOO MGfKG 

.OD6000 MC/KG 

.005000 WGfKG . 

.006ODO UGfKG 

.OOSOOO WGfKG 

.OOSOOO MC/KG 

.OOSOOO MC/KG 

.005000 MGfKG 

.OOSOOO MC/KG 

.OOSOOO MGfKG 

.ODSOOO MGfKG 

.ODSOOO WGfKG 

.OOSOOO MGfKG 

.OOSOOO MGfKG 

.027000 MC/KG 

.OOSOOO MC/KG 

.OOSOOO MGfKG 

.OOSOOO MC/KG 

.005000 MC/KG 

.ODSOOO MGfKG 

.OOSOOO. UGfKG 

.OOSOOO C(G/KG 

.OOSOOO UGfKG 
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Medium Chenwame Source Sampid Cone Units 

Soil Xylenes, total ESE, Sep 1990 (Table G-l) PP-6-2 
PP-8- 1 
PP-8-2 
PP-9-l 
PP-9-2 
su- 1 
w-2 
SW-3 
TA-l-l 
TA-1-2 
TA-I-2FD 
TA-3- 1 
TA-3-2 
TA-3-2RE 
TA-5-l 
TA-5-2 

Zinc Baker, May 1995 

Malcolm Pirnie, 1983-1986 

ss-17 

SS-18 
ss-19 
ss-20 

03s.05 

03s.06 

03s.07 

03s.08 

< 
< 
< 
< 
< 
< 
< 
< 

< 
< 
< 
< 
< 
< 
< 

.OOSODO MGfKG 

.005000 MC/KG 

.005000 MGfKG 

.OQ!iOOO MC/KG 

.006000 MGfKG 

.007000 MG/KG 

.007000 MGfKG 

.006000 MG/KG 

.021000 MGfKG 

.005000. MG/KG 

.005000 MGfKG 

.OOSOOO FIG/KG 

.005000 MG/KG 

.DOSOOO HGfKG 

.005000 MGfKG 

.006000 HGfKG 

43.300000 MGfKG 
47.200000 MC/KG 
54.700000 MGfKG 
40.900000 MGfKG 

1 OO.DOOOOO MGfKG 

1 I .DDOOOO MGfKG 
42.000000 HG/KG 
53.000000 MGfKG 

9.100000 MC/KG 
9.700000 MGfKG 

28 .OOOOQO MGfKG 
11.000000 MGfKG 
12.OOOOflO MC/KG 
30.000000 UGfKG 
lO.OOOOClO MGfKG 
15.000000 UGfKG 
30.000000 MC/KG 

,P--. 
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HUMAN INTAKE ESTIMATION: METHODS AND EXPOSURE FACTORS 

1.0 INTRODUCTION 
ESE uses internally-generated software called the Automated Risk Evaluation System (ARES) to 
estimate the exposure of various receptors to environmental chemicals and the risks associated 
with those exposures. Using ARES Version 3.0, designed within the SAWTAT Version 6.03 
structure, daily chemical exposures are calculated for each completed pathway for each potential 
receptor using appropriate exposure formulas and factors presented in various EPA guidance 
documents, including the Risk Assessment Guidance for Superfund (RAGS), Human Health 
Evaluation Manual, Part A (EPA, 1989b), Part B (EPA, 1991a), and Supplemental Guidance 
(EPA, 1991b); Dermal Exposure Assessment: Principles and Applications (EPA, 1992); and 
other EPA guidance. Where appropriate, exposure factors based on site-specific information are 
used in place of EPA standard default values. After determining daily exposures, ARES 
calculates the potential carcinogenic and noncarcinogenic risks associated with those exposures 
using appropriate risk reference doses (RfDs) and cancer slope factors (CSFs) available from 
various EPA sources, including the Integrated Risk Information System (IRIS, 1996), Health 
Effects Assessment Summary Tables (HEAST) (EPA, 1995a), and the EPA-NCEA Supertimd 
Health Risk Technical Support Center (values presented in EPA, 1995b). Where no RfD is 
available, a provisional value is calculated using an EPA Maximum Contaminant Level (MCL) or 
health advisory, if available, or chronic animal data (with appropriate uncertainty factors). The 
following documentation provides a list of the exposure scenarios (Section 2.0), the exposure 
formulas (Section 3.0), and the exposure factors (Section 4.0) used to calculate, the chemical 
intakes for the Q Area Drum Storage Yard (QADSY), as well as the references used to develop 
ARES (Section 5.0). 

2.0 APPLICABLE EXPOSURE SCENARIOS 
Due to the remote nature of the site, the only human receptors currently expected to frequent the 
site are persons working on the peninsula. Therefore, an intermittent current worker is 
anticipated to be the only current exposure scenario applicable at QADSY. To assess potential 
worst-case conditions, future worker and future residential scenarios will be evaluated. Current 
and future workers and future residents may be exposed by direct contact with contaminated site 
soils, incidental ingestion of site soils by hand-to-mouth contact, and inhalation of chemicals in 
building air that have volatilized from groundwater. Repeated inhalation exposure to soils is not 
anticipated as site soils are covered with either asphalt or gravel. Site groundwater is not 
currently used, and due to the brackish nature of the groundwater, future potable use is not 
anticipated. 

3.0 APPLICABLE EXPOSURE FORMULAS 
The exposure formulas incorporated in ARES are based on the formulas given in RAGS, Human 
Health Evaluation Manual, Part A (EPA, 1989b) and Part B (EPA, 1991a). Identifiers have been 
added to the basic exposure factor abbreviations to differentiate those factors that are used1 in 
multiple formulas. The following formulas are used in the ARES for QADSY: 

K-l 
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3.1 Indoor Air, Inhalation Exposure 

Intake (mgikglday) = 
CAi * IRa * EF * ED 

BW*AT 

Where: 
CAi = chemical concentration in indoor air (mg/m’). 
IRa = intake rate for indoor air (m3/day). 
EF = exposure frequency (days/year). 
ED = exposure duration (years). 
BW = body weight (kg). 
AT = period of time over which exposure is averaged (days). 

3.2 Soil, Dermai Exposure 

I~ke h&ldq9 = 
CS * FC * SA * AF * ABS * EF * ED 

BW*AT 

Where: 
cs 
FC 
SA 
AF 

ABS 
EF 
ED 
BW 
AT 

= chemical concentration in soil (mg/kg). 
= conversion factor for soil (kg/mg). 
= skin surface area available for soil contact (cm*/event). 
= soil to skin adherence factor (mg/cm*). 
= chemical-specific absorption factor (unitless). 
= exposure frequency (events/year). 
= exposure duration (years). 
= body weight (kg). 
= period of time over which exposure is averaged (days). 

EPA is currently developing a new methodology using a soil permeability coefficient in 
place of ABS. However, according to EPA (1992), ” . . .since these procedures are not as 
well developed, it is currently recommended that the users first consider the ABS 
procedures for estimating dose. ” 

K-2 



3.3 Soil, Oral Exposure 

For adult and child exDosures: 

Where: 
cs 
IRS 
FC 
FI 

EF 
ED 
BW 
AT 

Intake Owikl&9 = 
CS * IRr + FC * FI * EF * ED 

BW*AT 

= chemical concentration in soil (mg/kg). 
= soil ingestion rate (mg/day). 
= conversion factor for soil/sediment (kg/mg). 
= fraction of soil ingested from contaminated source (unitiess). 
= exposure frequency for soil (days/year). 
= exposure duration (years). 
= body weight (kg). 
= averaging time (days). 

For lifetime exoosure (derived from EPA, 1991b; Incidental Ingestion of 
Soil and Dust): 

Where: 
Y, = CS * FC * FI * EF / AT. 

IRS, = soil ingestion rate (mg/day; age-dependent; EPA, 1991b). 
ED, = exposure duration (years; age range for particular ingestion rate; EPA, 

1991b). 
SW; = body weight (kg; age-dependent; EPA, 1989a). 

1 200 6 15 
2 100 24 70 

4.0 EXPOSURE PARAMETERS 

4.1 ABS 

All values are recommended by EPA Region III (Jafolla, 1995) with the exception of 
chromium VI. 

Arsenic 
Chromium VI 

0.032 Wester et al., 1993 
0.15 Hawley, 1.985 

K-3 



ARES3 Documentation for OADSY 07 Mav 1996 10:00 

Inorganic chemicals (not otherwise specified) 
Semivolatile organic chemicals 
Volatile organic chemicals 

0.01 Ryan et al., 1987 
0.10 Ryan et al., 1987 
0.25 Ryan et al., 1987 

4.2 AI? 

1.00 mg/cm* Median of the absorption values (0.5 to 1.5 mg/cm*) produced by 
Lepow et al. (1975) and Roels et al. (1980) and reported in EPA, 
1984. This value is aiso provided as an upperbound estimate by EPA 
(1992). 

4.3 AT 

Carcinogenic effects 
Noncarcinogenic effects 

70 years * 365 days/year 
ED (years) * 365 days/year 

EPA, 1989b 
EPA, 1989b 

4.4 BW 

Adult Residential / Adult Worker 
70 kg Average (male and female) of 50th percentile 

values for age = 18 to 75 years. For lifetime 
residential soil ingestion, see Section 3.3 of 
this documentation. 

EPA, 1985 

-------------------I--------I----------- -- -- -- - I I - 

Child -Residential 
15 kg Average (male and female) of 50th percentile EPA, 1985 

values for age = 1 to 6 years. 

----------- ------------------------------- 

Lifetime Residential 
59 kg Assumes a child body weight of 15 kg for 6 years and an adult body 

weight of 70 kg for 24 years. 

(15 kg * 6 yews) + (70 kg * 24 years) = 59 Rg 
30 years 
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4.5 CA 

The concentrations of chemicals in indoor air that have volatilized from onsite 
groundwater are modeled values based on chemical-specific parameters (i.e., groundwater 
concentration, Henry’s Law constant, &, etc.) and site-specific parameters (i.e., depth to 
groundwater, soil porosity, etc.). A detailed description of the methodology used to 
model indoor air exposure concentrations from groundwater is presented in Section 
6.2.3.3 of the HRA. A listing of the groundwater data points used in the exposure 
concentration calculation is presented in Appendix J, Table J-4. 

4.6 CS 

The upper 95 percent confidence limit &JCL,) of the mean chemical concentrationwas 
used to represent the RME exposure concentration. If the UCL, exceeded the maximum 
detected chemical concentration, the maximum concentration was used to represent the 
RME. A description of the dataset used to model soil exposure concentrations is 
presented in Section 6.2.3.3 of the HRA. A listing of the soil data points used in the 
exposure concentration calculation is presented in Appendix J, Table J-3. 

4.7 ED 

Adult Residential / Lifetime Residential 
30 years National 90th percentile time at one 

residence 
EPA, 1989b 

For lifetime ingestion of soil, see Section 3.3 of this documentation. 

Adult Worker 
25 years National 95th percentile time at one 

workplace 
EF’A, 1991b 

Child Residential 
6 years Assumes exposure for children age = 1 to 6 years, inclusive, in 

rural/residential areas 
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4.8 EF 

Adult Residential / Child Residential / Lifetime Residential 
350 days/year Amount of time spent at home EPA, 1991b 

__ _ -- -- - -- -- -- _- _- -- -- -- -- -- -- -- -- -- -- -- -- -- - -- -- - -- -- -- -- - -- -- -- -- - -- 

Adult Worker (Current) 
50 days/year Conservative assumed value for a worker who visits the 

equipment storage shed one time per week 

_- -  - -  _- -  - -  - -  - -  - -  - -  - -  - -  - -  - -  - -  - -  -  - -  _- - -  - -  - -  -  I  - -  - -  - -  - -  - -  - -  - -  - -  - -  - -  -  -  -  - -  

Adult Worker (Future) 
250 days/year Number of days spent at work EPA, 1991b 

4.9 FC 

1 x 106 kg/mg EPA, 1989b 

4.10 FI 

1.00 Assumes that all ingested soil is from contaminated source. 

4.11 IRa 

Adult Residential 
15 m3/day Reasonable conservative inhalation 

rate for indoor residential exposure 
EPA, 1991b 

-~-1--------~----1------ ------___-- -------- 

Adult Worker (Current) 
4 m3/day Moderate inhalation rate (2 m3/hour) multiplied by the 

assumed time spent working near the area (2 hours/day) (EPA, 
1989a) 

-_ - - - - - - -- - we -- -- -- -- es - -- - - - - - - - - I - -- - -- - em -- -- -- - - - 
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Adult) 
20 m3/day Reasonable upper-bound occupational EPA, 1991b 

inhalation rate for an &hour workday 

--------- -- -- -- -- - -- -- -- - - -- -- - - -- -- a -- - -- - _- - -- -- -- -- __ __ _ _ 

Child Residential 
16 m3/day Reasonable conservative inhalation rate for child based on 

indoor activity patterns and inhalation rates for a 6-year old 
child (EPA, 1989a) 

-- - -.,. -- - - -- -- -- - -- - -- -- me I -- - - - - -- - -- -.. me - - - - - - _- - ~- I _I 

Lifetime Residential 
15.2 m3/day Assumes a child inhalation of 16 m3/day for 6 years and an 

adult inhalation of 15 m3/day for 24 years 

(16 m31hy * 6 years) + (15 m3/c-hy * 24 years) 
30 years 

= 15.2 m’/fiay 

4.12 IRS 

Adult Residential 100 mg/day EPA, 1991b 

- I - - -- -- - -- -- -- - -- -- -- -- - -- -- - - I - - - - -- - -- - -- -- -- I I -a - - - 

Adult Worker (Current) 12.5 mg/day Conservative value based on the 
interim default value for adult soil 
ingestion during an g-hour workday 
(50 mg/day) and assumes that a worker 
may spend 2 hours/day in the area 

The actual rate of soil ingestion for a worker at the maintenance building is expected 
to be lower as the area in the vicinity of the building is paved. 

Adult Worker (Future) 50 mglday EPA, 1991b 

-------------- ------------- ---mm---- -- - -- - - - 

Child Residential 200 mg/day EPA, 1991b 

____--_----- --~----~-------------~--- -- -- -- - - - 
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Lifetime Residential Soil ingestion rates are age-dependent. For an explanation 
of these intake rates, see Section 3.3 of this 
documentation. 

4.13 SA 

All adult surface area values are mean values from EPA, 1992. All child surface area 
values are 50” percentile values from EPA, 1985. Mean and 50” percentile values are 
used because surface area is related to body weight, and average body weights over the 
ED were used in the exposure calculations. Adult values are based on average adult 
(male and female) body part surface areas (m’) multiplied by a conversion factor of 
10,000 cm2/m2 and rounded to three significant figures. Child values were calculated 
using the average (male and female) mean percentage of total body surface area by part 
(m”) over the age range multiplied by the average (male and female) 50th percentile total 
body surface area over that age range. The final values were multiplied by a conversion 
factor of 10,000 cm2/m2 and rounded to three significant figures. 

Adult Residential 

Fullv clothed 
hands 
head 

793. 
1.140. 
1,933. cm2 

Partiallv clothed 
hands 793. 

2,190. 
feet 1,048. 
lower legs 2,005. 
head 1.140. 

7,176. cm2 

Based on 1) 108 days/year partially clothed [assumed to apply 5 days/week when 
maximum daily air temperature exceeds 75°F (5/7 * 151 = 108 days/year)], 
2) remainder of days without ground snow cover spent fully clothed (365 - 108 - 2 = 
255 days/year), and 3) no exposure on days with ground snow cover. 

(108 duysiyear * 7,176 cm? + (255 dayslyear * 1,933 cm2) E5 34,0 cm2 
365 daysyear 

Percentage of days with maximum temperatures above 75°F is based on ciimatological 
data collected at Norfolk Naval Air Station, Norfolk, VA for 1945 through 1990 
(NOAA, 1992) and is presented in Table K-l. 

_------------------ - - -- - - -- - - I -- I -- -------I- 

Adult Worker 
hands 
forearms 
head 

793. 
1,095. 
1.140. 
3,028. cm2 = 3,030 cm2 
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It is assumed that workers at the site will wear long pants but may have exposed arms 
while cutting grass at the facility. 

I I _- -- -- -- - -- -- -- -- -- -- - -- - -- -- -- -- I - -- -- - -- -- -- -- -- -- -- -- -- -- - - - 

Child Residential 

Fullv clothed 
hands 
head 

391. 
1 .oOO. 
1,391. cm2 

Partiahv clothed 
hands 391. 

915. 
feet 479. 
legs 1,735. 
head 1.ooo. 

4,520. cm2 

Based on 1) 108 days/year partially clothed [assumed to apply 5 days/week when 
maximum daily air temperature exceeds 75°F (5/7 * 151 = 108 days/year)], 2) 
remainder of days without ground snow cover spent fully clothed (365 - 108 - 2 = 
255 days/year), and 3) no exposure on days with ground snow cover. 

(108 daysy~~ur * 4,520 cm2) + (255 &s/year * 1,391 cm’) 
365 dqs/year 

rJ 2g10 cd 

Percentage of days with maximum temperatures above 75°F is based on climatological 
data collected at Norfolk Naval Air Station, Norfolk, VA for 1945 through 1990 
(NOAA, 1992) and is presented in Table K-l. 

----------------------------- --_------ ---.--- 

Lifetime Residential 
3,241 cm2 Assumes a child surface area of 2,310 cm* for 6 years and 

an adult surface area of 3,470 cm2 for 24 years 

(2,310 cm2 * 6 years) + (3,470 cm2 * 24 years) E 3w cm2 
30 years 
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TEMPERATURE (DEG F) 1 PRECIPITATION (INCHES) (^) IREL HUM~VAP~DEW/ PR IWIND (KTS) I 1 MEAN NO. OF DAYS WITH (&) 
MEANS IEXTREME PRECIP. ISNOWFALL (B))PERCENT~PR )PT.) ALTO ]SKY)PRECIP.~SNOW- ) 1 1 TEMP (DEG F) 
I I I I I 

MAX1MINIAVGjMAXIMINI MEAN I 
I i24HI I 124H( (LST) IIN.I(F)I FT.IPREvAILIMAxICVRIINCHES IFALL(")[TH IFOGIMAXIMAXIMINIMIN 

MAXI MINIMAXIMEANIMAXIMAXI AMI PMIHG.1 1 $ IDIR~SPD~GST~ + 1 PI >=I >=I ,=IsTMI * 1 >-I >=I <'/ <= 
1 071 161 ~.01~.50~.10~1.5~ 1 901 751 321 15 

JAN 48 34 41 78 -1 3.2 8.9 .9 2.5 2 12 7 71 59 .16 29 60 NNE 11 55 OVR 10 2 1 1 # 13 0 # 14 1 

FEB 50 35 43 82 12 3.2 6.3 .6 2.7 3 25 13 71 57 .17 30 70 NNE 12 58 OVR 10 2 1 # 1 12 0 1 11 # 
MAR 58 41 50 90 20 3.2 9.1 .4 2.4 1 19 11 73 55 .22 3.6 65 SSW 11 59 OVR 10 2 # # 2 12 # 3 4 0 

v APR 67 50 59 93 29 2.8 6.7 .5 2.7 T T T 71 52 .29 44 65 SSW 10 61 OV-R 10 2 # 0 3 11 # 8 # 0 
)-' MAY 76 59 68 97 37 3.3 9.3 .6 2.8 0 0 0 75 57 .43 55 45 ssw 9 59 OVR 10 2 0 0 5 14 2 17 0 0 
0 J-UN 83 61 76 101 47 3.3 9.6 .4 5.2 0 0 0 77 58 .59 64 40 ssw 9 61 SCT 9 2 0 0 6 12 7 26 0 0 

JUL 87 72 80 100 58 4.5 12.2 1.0 6.5 0 0 0 80 61 .71 69 30 ssw 9 65 SCT 11 3 0 0 8 12 11 31 0 0 
AUG 85 72 79 102 52 4.4 11.6 .9 6.4 0 0 0 82 63 .70 68 25 ssw 8 70 SCT 10 3 0 0 I 15 9 30 0 0 

SEP: 80 67 74 100 50 3.9 18.2 .s 7.9 0 0 0 80 62 .57 63 35 ENE 9 66 SCT 7 2 0 0 3 13 3 23 0 0 

.OCT 70 56 63 93 33 2.7 9.5 .2 3.3 0 0 0 78 60 .39 52 45 NNE 12 85 OVR 7 2 0 0 114 # 9 0 0 
NOV 61 46 54 64 21 2.7 6.3 .4 2.8 T 2 1 75 58 .26 42 55 ssw 9 630VR 8 2 # 0 1 13 0 3 2 0 
DEC 52 37 45 79 9 2:9 6.6 .5 2.6 1 16 9 72 59 .19 33 60 SSW 9 610VR 9 2 # # # 13 0 # 10 # 
ANN 60 53 61 102 -1 40.2 67.0 21.8 7.9 7 45 13 75 58 .3f 49 55 SSW 10 95 OVR 111 26 2 1 37 154 32 151 40 1 
POR 46 46 46 46 46 46 46 46 46 46 46 46 46 46 46 46 44 46 46 43 44 46 46 46 46 38 38 46 46 46 46 

Table K-l. Meteorological Data for Norfolk Naval Air Station 

------------------INTERNATIONAL STATION METEOROLOGICAL CLIMATE SUMMARY------------------- 

:STA 723085 1 KNGU 1 NORFOLK NAS ,VA,US 
:LAT 36 56N :LGNG 076 17W :ELEV 16(ft) S(m) :TYPE NAVY SMOS V2.1 02071992 
37 - STATION CLIMATIC SUMMARY 

POR: (HOURLY): 1945-1990 

T = TRACE AMOUNTS ( < .05 < .5 INCHES 
# = MEAN NO. DAYS < .5 DAYS 
$ = PRESSURE ALTITUDE IN TENS OF FEET (I.E. 50 - 500 FEET) 
0 = NAVY STATIONS REPORT HAIL As SNOWFALL; ALSO NWS FROM JULY,1948 - DEC.,1955 
t = THE PREDOMINANT SKY CONDITION\PRECIP > LISTED AMOUNT AND < NEXT WHOLE INCH 
* * VISIBILITY IS NOT CONSIDERED 
& - ANN TOTALS MAY NOT EQUAL SUM OF MONTHLY VALUES DUE TO ROUNDING 
* = 24 HR MAX PRECIP AND SNOWFALL ARE DAILY TOTALS (MID-NIGHT TO MID-NIGHT) 
I = EXCESSIVE MISSING DATA - VALUE NOT COMPUTED 
” = ‘XNCHES 

----------------------------FEDER CLIMATE COMPLEX ASHEVILLE-----;---------------------- 
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Intake Values 



CONTAREA 
-------- ___----- 

,- 

QDRUM ARES -- CURRENT WORKER SCENARIO 
Carcinogenic Intakes and Risks 

14:28 Tuesday, May 7, 1996 1 

RECEPTOR CURR/FUT MEDIUM PATHWAY 
z======= q ======= ------ ------- ------ -_-__-_ 

ADWRK CURR IA INH 
INH 
INH 
INH 
INH 
INH 
INH 
INH 
INH 

ADWRK CURR so DERM 
ORAL 
DERM 
DERM 
DERM 
DERM 
DERM 
ORAL 
DERM 
DERM 
ORAL 
DERM 
DERM 
ORAL 
ORAL 
ORAL 
DERM 
DERM 
ORAL 
ORAL 
ORAL 
ORAL 
ORAL 
ORAL 

CHEMNAME 
======================== 

Vinyl chloride 
Dichloroethene, l,l- 
Carbon tetrachloride 
Trichloroethene 
Chloroform 
Tetrachloroethene 
Methylene chloride 
Dichloroethane, 1,1- 
Bromodichloromethane 

Nitrosodi-N-propylamine, N- 
Nitrosodi-N-propylamine, N- 
Benzo(a)pyrene 
Dinitrotoluene, 2,4- 
Benz(a)anthracene 
Benzo(b)fluoranthene 
Indeno(l,2,3-cdjpyrene 
Benzo(a)pyrene 
Aldrin 
Chlordane, gamna- 
Dinitrototuene, 2,4- 
Chtordane, alpha- 
Benzo(k)fIuoranthene 
Benz(a)anthracene 
Benzo(b)fluoranthene 
Indeno(l,2,3-cd)pyrene 
BHC, garana- (Lindane) 
Chrysene 
ALdrin 
Chlordane, gamna- 
Chlordane, atpha- 
Benzo(k)fluoranthene 
BHC, ganzna- (Lindane) 
Chrysene 

INTAKE 
----__--_ ----___-_ 

5.84E-05 
8.14E-05 
3.33E-05 
1.85E-04 
2.65E-06 
5.26E-05 
3.33E-07 
3.94E-05 
3.24E-06 

ORALWOE 
-----__ ------_ 

A 
C 
82 
82 
B2 
82 
82 
C 
82 

5.10E-07 82 
2.10E-08 B2 
1.80E-08 82 
l.O5E-07 B2 
2.82E-08 82 
2.75E-08 82 
1.76E-08 82 
7.43E-10 62 
2.96E-10 82 
2.47E-09 82 
4.33E-09 B2 
2.02E-09 82 

B2 
82 
82 
B2 

1.29E-08 
l.l6E-09 
l.l4E-09 
7.25E-10 
2.33E-10 
2.86E-08 
1.22E-11 
l.O2E-10 
8.33E-11 
5.33E-10 
9.61E-12 
1.18E-09 

Eg’C 

82 
B2 
82 
B2 
$1” 

INHWOE RMER I SK 
====== ====z==z= 

A 

:2 
82 
82 

i: 

:2 

1.75E-OS 
1.46E-05 
1.75E-06 
l.llE-06 
2.15E-07 
l.O5E-07 
5.32E-10 

62 
B2 
62 
B2 
82 
82 
82 
82 
82 
B2 
82 
82 
82 

-82 
82 
82 

2” 
82 
82 
82 
82 
B2/C 
82 

3.57E-06 
1.47E-07 
1.31E-07 
;.;u;-;ci 

* 

ppZ& 
- 

;:p; 
* 

3:20E-09 
y;-o"g 

9:43E-10 
8.49E-10 
8.29E-10 
5.29E-10 
3.03E-10 
2.09E-10 
2.08E-10 
1.32E-10 
l.O8E-10 
3.89E-11 
1.2SE-11 
8.61E-12 



QDRUM ARES -- FUTURE WORKER SCENARIO 
Carcinogenic Intakes and Risks 

14:33 Tuesday, May 7, 1996 1 

CONTAREA 
======== 

RECEPTOR CURR/FUT MEDIUM PATHWAY CHEMNAME 
---___-- -------_ -_-_-- --____-_______-___------ ---__--- -------_ ---_-- q ====== _-_-__-___________-_---- 

ADWRK CURR IA INH 
INH 
INH 
INH 
INH 
INH 
INH 
INH 
INH 

Vinvl chloride 
Dichloroethene, 1,1- 
Carbon tetrachloride 
Trichtoroethene 
Chloroform 
Tetrachloroethene 
Methylene chloride 
Dichloroethane, l,l- 
Bromodichloromethane 

ADWRK CURR so DERM 
ORAL 
DERM 
DERM 
ORAL 
DERM 
DERM 
DERM 
ORAL 
DERM 
ORAL 
ORAL 
DERM 
DERM 
ORAL 
DERM 
ORAL 
ORAL 
ORAL 
DERM 
DERM 
ORAL 
ORAL 
ORAL 

Nitrosodi-N-propylamine, N- 
Nitrosodi-N-propylamine, N- 
Benzo(a)pyrene 
Dinitrotoiuene, 2,4- 
Eenzo(a)pyrene 
Benz(a)anthracene 
Benzo(b)fluoranthene 
Indeno(l,2,3-cd)pyrene 
Dinitrotoluene, 2,4- 
Aldrin 
Benz(a)anthracene 
Benzo(b)fluoranthene 
Chlordane. gamma- 
Chtordane; alpha- 
Indeno(l,2,3-cdjpyrene 
Eenzo(k)fluoranthene 
Aldrin 
Chlordane, gama- 
ChLordane, alpha- 
BHC, garwna- (Lindane) 
Chrysene 
Benzo(k)fLuoranthene 
BHC, gamna- (Lindane) 
Chrysene 

INTAKE ORALWOE 
----v---m __---__ --------- _----__ 

1.46E-03 A 
2.03E-03 c 
f.;$X:;f B2 

BE 
6:63E-05 B2 
1.31E-03 82 
;.;&-;; 82 

C 
8:11E-05 82 

2.55E-06 82 
4.20E-07 82 
9.00E-08 62 
5.25E-07 82 
1.49E-08 82 
1.41E-07 BP 
1.38E-07 sr 
8.79E-08 B2 
8.67E-08 82 
1.48E-09 B2 
2.33E-08 82 
2.278-08 82 
;.;:;-;; 82 

82 
1:458:08 82 
6.46E-08 82 
2.45E-10 82 
2.03E-09 82 
1.67E-09 82 
l.l6E-09 BZ/C 
1.43E-07 82 
l.O7E-08 82 
1.92E-10 B2/C 
2.36E-08 B2 

INHWOE 
_--__- _--_-- 

f 
82 
B2 
62 
62 
Bt 
c 
B2 

B2 

2 
B2 

i: 
B2 

2 
B2 

is 
82 
B2 
B2 
B2 
82 
82 
B2 
B2/C 
82 
BZ 

E'" 

RMERISK 
========= 

/-. 

4.38E-0 
y&~-g 

2:78E-05 
5.37E-06 
~.~~~-ce& 

. - 

1.78E-05 
2.94E-06 
6.57E-07 
3.57E-07 
; a;-;; 

l:OOE-07 
6.42E-08 
;.~w~-g 

1:70E-08 
1.66E-08 
1.60E-08 

2.16E-09 
l.SlE-09 
l.O4E-09 
7.78E-10 
2.50E-10 
1.72E-10 



CONTAREA RECEPTOR CURR/FUT MEDIUM PATHWAY 
======== I======= ======== q ===== ======= 

QDRUM ARES -- FUTURE RESIDENTIAL SCENARIO 14:30 Tuesday, May 7, 1996 1 
Carcinogenic Intakes and Risks 

CHEMNAME INTAKE ORALWOE 
======================== ========= ------- -----__ 

LIFRES FUT IA INH 
INH 
INH 
INH 
INH 
INH 
INH 
INH 
INH 

LIFRES FUT so DERM 
ORAL 
DERM 
ORAL 
DERM 
ORAL 
DERM 
DERM 
ORAL 
ORAL 
DERM 
ORAL 
DERM 
ORAL 
DERM 
DERM 
ORAL 
ORAL 
DERM 
ORAL 
DERM 
ORAL 
DERM 
ORAL 

Vinyl chloride 2.2lE-03 A 
Dichioroethene, l,l- 3.08E-03 c 
Carbon tetrachloride 1.26E-03 B2 
Trichloroethene 7.02E-03 B2 
Chloroform I.OOE-04 82 
Tetrachloroethene 1.99E-03 82 
Methylene chloride 1.26E-05 82 
Dichloroethane, l,l- 1.49E-03 C 
Bromodichloromethane 1.23E-04 82 

Nitrosodi-N-propylamine, 
Nitrosodi-N-propylamine, 
Benzo(a)pyrene 
Benzocajpyrene 
Dinitrotoluene, 2,4- 
Dinitrotoluene, 2,4- 
Benz(a)anthracene 
Benzo(b)fluoranthene 
Benzcajanthracene 
Benzo(b)fluoranthene 
Indeno(l,2,3-cdjpyrene 
Indeno(l,2,3-cdjpyrene 
Aldrin 
ALdrin 
Chlordane, gamna- 
Chlordane, alpha- 
Chlordane, gaaxna- 
Chlordane, alpha- 
Benzo(k)fluoranthene 
Benzo(k)ftuoranthene 
BHC, gamma- (Lindane) 
BHC, gamaa- (Lindane) 
Chrysene 
Chrysene 

N- 5.43E-06 
N- 3.77E-06 

1.92E-07 
1.33E-07 
1.12E-06 
7.77E-07 
3.0lE-07 
2.93E-07 
2.09E-07 
2.04E-07 
1 .;o';-cl; 

. - 
3.16E-09 
2.19E-09 
2.63E-08 
2.15E-08 
1.82E-08 
1.49E-08 
1.38E-07 
9.55E-08 
2.48E-09 
1.72E-09 
3.05E-07 
2.11E-07 

B2 

2 
82 
82 
82 
82 
B2 
82 
82 
82 
B2 
82 

82 

z: 
BZ 

Ef $C 
82/C 
B2 
B2 

INHWOE RMERISK 
:r===== ========= 

6.64E-04 
!ys;-;g 

4:21E-05 
8.13E-06 
3.98E-06 
2.02E-08 

82 
82 
82 
82 
B2 
82 
82 

iI 
82 
82 
82 
82 
B2 
82 
B2 

if 
82 

E/C 

2'" 
82 

;.;y; 

1:40E-06 
9.7lE-07 
y;-g 

* 

2:19E-07 
ygll 

- 

1:49E-07 
1.37E-07 
9.49E-08 
5.37E-08 

l.OOE-08 
6.97E-09 
;.;z;-E& 

- 

2:22E-09 
1.54E-09 



CONTAREA 
======== 

QDRUM ARES--CURRENT WORKER 
Noncarcinogenic Intakes and Hazard Indices 

RECEPTOR CURR/FUT MEDIUM PATHWAY 
======== ======== ------- ====== --_____ 

ADWRK CURR IA INH 
!NH 
INH 
INH 
INH 
INH 
INH 
INH 
INH 
INH 
INH 
INH 

ADWRK CURR SO DERM 
ORAL 
DERM 
DERM 
DERM 
DERM 
DERM 
ORAL 
ORAL 
ORAL 
ORAL 
DERM 
DERM 
DERM 
DERM 
DERM 
DERM 
DERM 
ORAL 
ORAL 
ORAL 
ORAL 
ORAL 
ORAL 
ORAL 
ORAL 

CHEMNAME 
======================== 

Carbon tetrachloride 
Trichloroet--ne, l,l,l- 
Dichloroetncne, l,l- 
Methylene cntoride 
Dichloroethene, 1,1- 
Dichioroethenes, 1,2-, total 
Acetone 
Bromodichloromethane 
Vinyl chloride 
Chloroform 
Tetrachloroethene 
Trichtoroethene 

Thallium 
Thallium 
Nitrosodi-N-propylamine, N- 
Dinitrototuene, 2.4- 
Chlordane, garrrna- 
Chlordane, alpha- 
Aldrin 
Nitrosodi-N-propylamine, N- 
Dinitrotoluene, 2,4- 
Chlordane, gamna- 
Chlordane, aipha- 
Chrysene 
8enzta)anthracene 
Benzo(b)fluoranthene 
BHC, garnaa- (Lindane) 
Benzo(a)pyrene 
Indeno(l,2,3-cdlpyrene 
Benro(k)fluoranthene 
Aldrin 
Chrysene 
Benr(a)anthracene 
Benzo(b)fluoranthene 

Ben;o(aIoyren~Lindane) 
BHC gamna- 

Indeno(T;2,3-cd)pyrene 
Benzo(k)fluoranthene 

14:28 Tuesday, May 7, 1996 1 

INTAKE 
-------mm --------- 

9.32E-05 
6.46E-04 
l.lOE-04 
9.32E-07 
2.28E-04 
1.68E-04 
1.64E-06 
9.08E-06 
1.64E-04 
7.42E-06 
1.47E-04 
5.19E-04 

7.43E-07 
:.~M~-;g 

2:94&07 
6.90E-09 
5.65E-09 
8.3OE-10 
5.89E-08 
1.21E-08 
2.85E-10 
2.33E-10 
8.00E-08 
7.90E-08 
7.718-08 
6.52E-10 
5.04E-08 
4.92E-08 
3.62E-08 
3.42E-11 
3.30E-09 
3.26E-09 
3.18E-09 
2.69E-11 
2.08E-09 
2.03E-09 
1.49E-09 

RMEHI 
I======== 

_- 

1.63E-01 
2.23E-03 
7.88E-04 
l.O8E-06 

9.28E-03 
3.83E-03 
1.50E-04 
1.47E-04 
1.15E-04 
9.42E-05 
2.7X-05 
6.20E-06 
6.07E-06 
4.75E-06 
;.;w;-tl; 

2:63E-06 
2.57E-06 
2.17E-06 
1.68E-06 
1.64E-06 
1.21E-06 
l.l4E-06 
l.lOE-07 
l.O9E-07 
1.06E-07 

ZE: 
6%08 
4.978-OF 



CONTAREA 
=I====== 

.f+--- 
1 

QDRUM ARES--FUTURE WORKER 
Noncarcinogenic Intakes and Hazard Indices 

14:33 Tuesday, May 7, 1996 1 

RECEPTOR CURR/FUT 
-------- I======= -------- 

ADWRK CURR 

ADWRK CURR 

MEDIUM 
:===== 

IA 

SO 

PATHWAY 
- - - - - - - ------- 

INH 
INH 
INH 
INH 
INH 
INH 
INH 
INH 
INH 
INH 
INH 
INH 

ORAL 
DERM 
DERM 
DERM 
DERM 
DERM 
DERM 
ORAL 
ORAL 
ORAL 
ORAL 
ORAL 
DERM 
DERM 
DERM 
DERM 
DERM 
DERM 
DERM 
ORAL 
ORAL 
ORAL 
ORAL 
ORAL 
ORAL 
ORAL 

CHEMNAME 
________________-------- ________________-------- 

Carbon tetrachloride 
Trichloroethane, l,l,l- 
Dichloroethane, l,l- 
Methylene chloride 
Dichloroethene, l,l- 
Dichloroethenes, I,2-, total 
Acetone 
Bromodichloromethane 
Vinyl chloride 
Chloroform 
Tetrachloroethene 
Trichloroethene 

Thallium 
Thallium 
Nitrosodi-N-propylamine, N- 
Dinitrotoluene, 2,4- 
Chlordane, gamna- 
Chlordane, alpha- 
Aldrin 
Nitrosodi-N-propytamine, N- 
Dinitrotoluene, 2,4- 
Chlordane, gamna- 
Chlordane, alpha- 
Aldrin 
Chrysene 
Benz(a)anthracene 
Benzo(b)fluoranthene 
BHC, garmia- (Lindane) 
Benzo(a)PYrene 
Indeno(l.2,3-cd)PYrene 
Benzo(k)fluoranthene 
Chrysene 
Benz(a)anthracene 
Benzo(b)fluoranthene 
BHC, garmw (Lindane) 
Benzo(a)pyrene 
Indeno(l,2,3-cdjpyrene 
Benzo(k)fluoranthene 

INTAKE 
========= 

2.33E-03 
1.61E-02 
2.76E-03 
2.33E-05 
5.69E-03 
4.21E-03 
4.09E-05 
2.27E-04 
4.09E-03 
1.86E-04 
3.68E-03 
1.30E-02 

6.13E-06 
;.n:-;~ 

1:47E:06 
3.45E-08 
2.83E-08 
4.15E-09 
l.l8E-06 
2.43E-07 
5.69E-09 
fp;-;; 

- 

4:00E-07 
3.95E-07 

f.M~-$ 

6:36;:08 
5.38E-10 
yg-;; 

2:98Ei:O8 

RMEHI 
=z======= 

4.09E+OO 
5.57E-02 
1.97E-02 
2.71E-05 

7.66E-02 
;A';:-;; 

- 

7:35E-04 
5.75E-04 
4.7lE-04 
1.38E-04 
1.24E-04 
1.21E-04 

9.95E-07 



CONTAREA 
======== 

PDRUM ARES--FUTURE RESIDENTIAL 
Noncarcinogenic Intakes anti Hazard Indices 

RECEPTOR CURR,'FUT MEDIUM PATHWAY CHEMNAME 
====:=== ======== ------- 2===== ------- ================I======= 

ADRES FUT IA INH 
INH 
INH 
INH 
INH 
INH 
INH 
INH 
INH 
INH 
INH 
INH 

Carbon tetrachloride 

ADRES FUT so ORAL 
DERM 
DERM 
DERM 
DERM 

ORAL 
ORAL 
ORAL 
DERM 
ORAL 
ORAL 
DERM 
DERM 
DERM 
DERM 
DERM 
DERM 
DERM 
ORAL 
ORAL 
ORAL 
ORAL 
ORAL 
ORAL 
ORAL 

CHRES FUT IA INH 
INH 
INH 
INH 
INH 
INH 
INH 
INH 
INH 
INH 
INH 
INH 

Trichloroethane, l,l,l- 
Dichloroethane, l,l- 
Methylene cnloride 
Dichtoroethene, l,l- 
Dichloroethenes, I,2-, total 
Acetone 
Eromodichloromethane 
Vinyl chloride 
Chloroform 
Tetrachloroethene 
Trichloroethene 

Thallium 
Thallium 
Nitrosodi-N-propylamine, N- 
Dinitrotoluene, 2,4- 
Chlordane, gamna- 
Chlordane, atpha- 
Nitrosodi-N-propylamine, N- 
Dinitrotoluene, 2,4- 
Chlordane, gamna- 
Aldrin 
Chlordane, alpha- 
Aldrin 
Chrysene 
Eenzlajanthracene 
Benzo(b)fluoranthene 
BHC, gamna- (Lindane) 
Benzo(a)pyrene 
Indeno(l,2,3-cdjpyrene 
Benzo(k)fluoranthene 
Chrysene 
Benzcajanthracene 
Benro(b)fluoranthene 
BHC, ganmia- (Lindane) 
Benzo(a)pyrene 
Indeno(l,2,3-cdjpyrene 
Benzo(k)fluoranthene 

Carbon tetrachloride 
Trichloroethane, l,l,l- 
Dichloroethane, l,l- 
Methylene chloride 
Dichioroethene, l,l- 
Dichloroethenes, 1,2-, total 
Acetone 
Bromodichloromethane 
Vinyl chloride 
Chloroform 
Tetrachloroethene 
Trichloroethene 

14:31 Tuesday, May 7, 1996 1 

INTAKE 
========x 

2.45E-03 
1.70E-02 
2.90E-03 
2.45E-05 
5.98E-03 
yg-;; 

. 

2:38E-04 
4.29E-03 
7.95E-04 
3.86E-03 
1.36E-02 

1.72E-0; 
~.~gl~ 

2:36E-06 
5.53E-08 
4.53E-08 
3.30E-06 
;.;;;+I; 

. 

6:65E-09 
; .;;;-g 

. 

6:41E-07 
6.33E-07 
6.18E-07 
5.23E-09 
4.04E-07 
3.95E-07 
2.90E-07 
1.85E-07 
1.82E-07 
1.78E-07 
1.51E-09 
1 JM;-cl; 

8:36E-08 

1.22E-02 
8.44E-02 
1.44E-02 
1.22E-04 
2.98E-02 
t.ZOE-02 
2.14E-04 
1.19E-03 
2.14E-02 
9.70E-04 
1.92E-02 
6.78E-02 

RMEHI 
=======o= 

4.29E+OC -- 
5.85E-Oi 
2.07E-02 
2.84E-05 

2.14E-01 
7.44E-02 
1.20E-03 
l.l8E-03 

2.22E-04 
2.18E-04 
6.39E-05 
2.14E-05 
t.llE-05 
2.06E-05 
1.74E-05 
1.35E-05 
1.32E-05 
9.67E-06 
6.16E-06 
6.08E-06 
5.94E-06 

Z.lGE+Ol 



CONTAREA 
======== 

- 

1 

QDRUM ARES--FUTURE RESIDENTIAL 
Noncarcinogenic intakes and Hazard Indices 

RECEPTOR CURR/FUT MEDIUM PATHWAY 
======== __---__- ------ __---__- ------ ======= 

CHRES FUT so ORAL 
DERM 
DERM 
DERM 
ORAL 
ORAL 
DERM 
ORAL 
DERM 
ORAL 
DERM 
ORAL 
DERM 
DERM 
DERM 
ORAL 
ORAL 
ORAL 
DERM 
ORAL 
DERM 
DERM 
ORAL 
ORAL 
DERM 
ORAL 

CHEMNAME 
------------------------ _--_____--_-_-___--_____ 

Thallium 
Thallium 
Nitrosodi-N-propylamine, N- 
DinitrotoLuene, 2,4- 
Nitrosodi-N-propylamine, N- 
Dinitrototuene, 2,4- 
Chlordane, ganxna- 
Chlordane, gasxna- 
Chlordane, alpha- 
Chtordane, alpha- 
Aldrin 
Atdrin 
Chrysene 
Benz(a)anthracene 
Benzo(b)fluoranthene 
Chrysene 
Benz(a)anthracene 
Benzo(b)ftuoranthene 
BHC, gamna- (Lindane) 
BHC, gamna- (Lindane) 
Benzo(a)pyrene 
Indeno(1,2,3-cdjpyrene 
Benzo(a)pyrene 
Indeno(l,2,3-cdjpyrene 
Eenzo(k)fluoranthene 
Benzo(k)fluoranthene 

14:31 Tuesday, May 7, 1996 2 

INTAKIE 
--------- --------- 

1.60E-04 
1.85E-05 
3.55E-05 
7.33E-06 
3.08E-05 
6.34E-06 
1.72E-07 
1.49E-07 
1.41E-07 
l.ZZE-07 
2.07E-08 
1.79E-08 
1.99E-06 
1.97E-06 
1.92E-06 
1.73E-06 
1.70E-06 
1.66E-06 
1.62E-08 
1.41E-08 
; .:g;c$ 

1:09E:06 
l.O6E-06 
9.01E-07 
i'.80E-07 

RMEHI 
========= 

Z.OOE+OO 
2.31E-01 
3.74E-03 
3.66E-03 
y;;-g 

* 

2:86E-03 
2.48E-03 
2.35E-03 
2.03E-03 
6.89E-04 
5.97E-04 
6.64E-05 
6.56E-05 

%-i: * 

5:68E-05 
5.54E-05 
5.41E-05 
4.69E-05 
ym;-ll; 

- 

3:62E-05 
3.54E-05 
3.00E-05 
2.60E-05 



Appendix M 

Toxicity Profiles 



Cat%oni tetrachloride 
Latest Revision: 09 Mav 1996 0950 

CARBON TETRACHLORIDE 
(CM No. 56-23-5) 

INTRODUCTION 

Widely used as an industrial solvent, dry cleaning agent, and chemical intermediate, carbon 

tetrachloride was banned for these purposes by FDA. Currently, it is primarily used in the 
synthesis of chlorofluoromethanes and as a grain fumigant and pesticide (ORNL, 1989). 

Carbon tetrachloride, with a reported water solubility of 780 to 930 mg/L, may be considered 
soluble (Davies and Dobbs, 1984; Rodgers et al. 1980; Valvani et al., 1980). When considered 
in conjunction with the high solubility, the moderate soil sorption coefficient (KJ value of 439 
(ORNL, 1989) suggests that carbon tetrachloride will be mobile in the soil/groundwater system, 
although there will be considerable retardation in subsurface or sandy soils. Based on the 
reported vapor pressure of 90 torr at 20°C (EPA, 1979), transport through the air-filled pores of 
the near-surface soils may be an important migration pathway. In surficial and near-surface 
unsaturated soils, an equilibrium partitioning model (ORNL, 1989) indicates that 96 percent of the 
carbon tetrachloride present will be sorbed to the soil with about 1 percent in the soil-water phase 
and 3 percent in the soil-air phase. In saturated soiis (where soil organic carbon and soil air are 
negligible), a majority of the carbon tetrachloride (about 65 percent) is still expected to be sorbed 
to the soil with the balance in the soil-water phase, which can be transported with groundwater. 

Because the compound is volatile, the primary fate of carbon tetrachloride is associated with the 
atmosphere. Photolysis is not an important degradation process in the lower troposphere as 
photodissociation occurs with light wavelengths shorter than 290 nm, which is found only in the 

stratosphere above the ozone layer; the estimated tropospheric half-life is 330 years (EPA, 1979). 
No reaction occurs with hydroxyl radicals, and only in the stratosphere is the compound dlegraded 
by the higher energy ultraviolet light to form trichloromethane radicals and chlorine atoms. The 
former oxidize to phosgene, which is further photodissociated to form more chlorine atoms; the 

latter are reported to act as catalysts in the destruction of the ozone layer (EPA, 1979). The 
overall anticipated atmospheric lifetime is 60 to 100 years (EPA, 1984). 

Carbon tetrachloride does not undergo rapid hydrolysis under normal environmental conditions; 
the estimated aqueous hydrolytic half-life for 1,000 mg/L at pH 7 and 25°C is 7 years, and 7,000 
years for 1 mg/L (EPA, 1979). Allowing for volatilization, the half-life in a stirred solution is 
29 minutes; environmental half-lives are estimated at 1.2 days in a river, 4.8 days from a lake, 
and 5.8 days from a pond (ORNL, 1989). Microbial degradation is not expected to occur except 
in treatment systems where the microbes have been acclimatized to the compound (ORNL, 1989). 
Although carbon tetrachloride is slightly lipophilic and tends to be found at higher concentrations 
in fatty tissue, no clear evidence of biomagnification exists (EPA, 1979). 

N-l 



Carbon tetmchloride 
Latest Revision: 09 Mav 1996 0950 

HUMAN HEALTH EFFECTS 
NoncarcinoPenic Effects 
Chronic and subchronic oral reference doses (RfDs) are available fi-om EPA (IRIS, 1996; EPA, 
1995) and are presented in Table 1. No inhalation reference concentrations (RfCs) or RfDs are 
provided for either chronic or subchronic exposure. EPA provides a chronic oral RfD of 
0.0007 mg/kg/day (IRIS, 1992) and an interim subchronic oral RfD of 0.007 mg/kg-bw/day. 
(BEAST, 1992). 

The chronic oral and interim subchronic oral RfDs are based on a study by Bruckner et al. (1986) 
in which liver lesions were observed in rats gavaged for 12 weeks at 10 and 33 mg/kg-bw/day 
(IRIS, 1996). The 10 mg/kg-bw/day (converted to 7.1 mg/kg-bw/day because exposure occurred 
only 5 days/week) was determined to be the lowest observed adverse effect level (LOAEL), while 
the lowest dose of 1 mg/kg-bw/day (converted to 0.71 mg/kg-bw/day) was determined to 
represent the no observed adverse effect level (NOAEL). Applying an uncertainty factor of 100 
(10 for animal-to-human extrapoiation and and 10 for sensitive human subpopulations) results in 
an interim subchronic oral RfD of 0.0071 mg/kg/day. Applying an additional uncertainty factor 
of 10 to extrapolate from a subchronic study to chronic exposure results in a chronic oral RfD of 
0.00071 mg/kg/day. 

Minimal oral chronic or subchronic human exposure data are available, although reports of acute 
toxicity exist as a result of accidental, medicinal, or suicidal ingestion. The major pathological 
effects are liver and kidney damage, with death often attributable to acute renal or hepatic failure 
(Shell, 1990). Complete recovery of renal function from a mild case may take from 100 to 200 
days with oliguria reported as the major effect; however, in a more serious poisoning, anuria may 
occur, leading to hypertension, acidosis, and terminal uremia if renal function is not restored 
(Goodman and Gilman, 1985). Concurrent CNS symptoms include dizziness, headache, 
confusion, and delirium (Shell, 1990). 

EPA (1984) presents oral data from a carcinogenicity bioassay study involving hamsters in which 
a gavage dose of 12.26 mg/week for 30 weeks resulted in a 50-percent mortality rate. Because 
weight gain was depressed following subchronic inhalation exposure to 1 ppm for 90 days, an 
atmospheric concentration of 1 ppm was established as the LOAEL. At higher doses, liver 
damage and increased mortality were reported. Chronic human inhalation exposure led to optic 
nerve damage and degeneration of the myelin sheath of the sciatic nerve. No liver or kidney 
damage were reported. Animals evidenced hepatomegaly following chronic exposure to 
atmospheric levels as low as 5 ppm. 

N-2 



Carbon tetrachloride 
Latest Revision: 09 Mav 1996 0950 

CarcinoPenici tv 

The carcinogenic slope factors (CSFs) and supporting information are summarized in Table 2. 
EPA (IRIS, 1996) has classified carbon tetrachloride as a group B2 (suspect human) carcinogen 
via ingestion and inhalation. This classification indicates adequate evidence exists to show 
carcinogenicity in animals based on carcinogenic responses reported in various animal studies 
following ingestion and inhalation of carbon tetrachloride (ATSDR, 1989; IRIS, 1996). Isolated 
observations of liver cancer in humans exposed to carbon tetrachloride have been reported; 
however, no epidemiological support is available, rendering the human data inadequate (EPA, 
1984). 

EPA derived an oral cancer slope factor (CSF) of 0.13 (mg/kg/day)-’ based on the results of 

several animal studies (IRIS, 1996). Liver cell carcinomas were the major cancer reported in 
several species, with investigators theorizing that the necrotizing action on the liver was an 
important factor in carcinogenicity. The oral slope factor determined by EPA from the available 
data is 0.13 (mg/kg/day)-’ (IRIS, 1996). 

,P---Y 

An inhalation unit risk &JR) was calculated assuming a 40 percent absorption rate in humans 
(EPA, 1984). This absorption coefficient was based on 30 percent absorption in monkeys, and 30 

percent and 57 to 65 percent absorption in humans. A range of estimates of UR for inhalation 

exposures for the four studies cited in IRIS (1996) was determined, with 1.5 x 10’ &g/my’ 
calculated as the geometric mean for the UR. Assuming a healthy 70-kilogram adult inhales 

20 m3/day of air, the inhalation UR may be converted to an inhalation CSF of 0.053 (mgkg/day)- 
*. The UR (or derived CSF) should not be used if the air concentration exceeds 700 pg/m3, since 
above this concentration the UR may not be appropriate. 

Mutapenicitv 
With only one positive mutagenic response elicited in a Succharomyces cerevisiae strain (HSDB, 
1996), the available information suggests that this is not a mutagenic compound; insufficient data 
are available to establish genotoxicity. EPA (IRIS, 1996) reports that no chromosomal or 
chromatid aberrations were seen in cells exposed to low concentrations, and in vivo, unscheduled 
DNA synthesis assays were negative. Mitotic recombination and gene conversion were reported 

but only at concentrations that reduced cell viability to 10 percent. EPA (IRIS, 1996) indicates 
that the possibility remains that carbon tetrachloride may be metabolized to more reactive 
intermediate compounds that could be mutagenic. Hepatic abnormalities and retarded 
development were reported at birth in rats exposed in utero (HSDB, 1996). Rats given 
intraperitoneal injections of carbon tetrachloride at 4,800 mg/kg for 10, 15, or 20 days evidenced 
impairment of spermatogenesis (HSDB, 1996). Decreased sex organ weights and decreased 
gonadosomatic index were reported in all exposed animals, while increasing cellular damage was 
reported in the animals exposed for 15 and 20 days (HSDB, 1996). 

N-3 



Carbon tetrachioride 
Latest Revision: 09 Mav 1996 0950 

Teratogenicitv/Reoroductive Effects 

No reproductive data have been identified in the available literature. Based on numerous animal 
studies, the evidence indicates that embryotoxicity and fetotoxicity occur at levels that are also 
maternotoxic (ReproText, 1996). No teratogenic effects have been reported at levels known to be 
feto- or matemotoxic. Reproductively, carbon tetrachloride has been reported to prolong the 
estrous cycle, cause testicular atrophy, and a diminished sperm count in rats (ReproText, 1996). 
In rabbits, the only effect reported is limited degeneration of embryonic discs following the 
in vivo exposure of blastocysts to 1.01 n&/kg (Shepard, 1996). 

ECOTOXICITY 

Aauatic Orpanisms 

Initially, in aquatic systems, levels as low as 35,000 PglL were judged acutely toxic to fish in 
bioassays; however, the fact that the tests were static and that this is a very volatile compound 
suggest that carbon tetrachloride toxicity may have been underestimated and is in fact more toxic 
(Shell, 1990). Following the exposure of newly hatched fish, the LC, at 4 days posthatching was 
1,970 pg/L for rainbow trout and 1,640 pg/L for the leopard frog (Shell, 1990). In addition, it 
has been estimated that concentrations as low as 30 pg/L would adversely affect sensitive aquatic 
species (Shell, 1990). The lack of adequate data suggests that the LCs value reported for the 
Leopard frog is more appropriate for deriving an’acceptable water concentration. Therefore, 
applying an uncertainty factor of 100 to the reported LC, value of 1,640 pg/L, a water TRV of 
0.016 mg/L (16 pg/L) is calculated. 

Terrestrial Orvanisms 

No information was available concerning the effects of carbon tetrachloride to vegetation; 
therefore, there is insufficient information from which to derive a vegetation TRV for either soil 
or water. In domestic animals, as in the human population, carbon tetrachioride was used as a 
trematodicide in the early 1920s. Acute toxicity was associated with CNS effects. Delayed 
toxicity effects are related to hepatic and, to a lesser extent, renal damage (Roberson, 1977). 
While effects were reported in swine exposed to levels of 320 mg/kg-bw, cattle were the most 

sensitive as an exposure level of 20 mg/kg-bw was reported to be acutely toxic; this represents an 
acute LOAEL. No information concerning wildlife was found in the available literature. 

STANDARDS ANDCRITERIA 

Human Receutors 

A summary of drinking water standards and criteria is presented as Table 3. Due to the ranking 
of carbon tetrachloride as a Group B2 suspect human carcinogen, EPA has set a nonenforceable 
Maximum Contaminant Level Goal (MCLG) for drinking water of zero pg/L (50 FR 46880; 13 
Nov 1985) and a Maximum Contaminant Level (MCL) of 5 pg/L, which is enforceable for public 
water supplies (52 FR 25690; 08 Jul 1987). Also due to its carcinogenic ranking, the EPA 
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ambient water quality criterion (AWQC) for the protection of human health should be zero pg/L. 
However, zero may not be attainable with present technology; therefore, the recommended 
AWQC for the 10” to the lo7 risk levels range from 4 to 0.04 pg/L for consumption of 
contaminated drinking water and aquatic organisms (IRIS, 1996). For consumption of aquatic 
organisms only, the recommended AWQC for the 10” to the 107 risk levels range from 69.4 to 
0.694 pg/L, respectively (IRIS, 1996). These AWQC would yield values for human consumption 
of water alone (W) of 4.2, 0.42, and 0.042 pg/L for lo’, lo-‘j, and lo5 risks, respectively, based 
on the following equation: 

1 1 1 -=-+- 
W+F W F 

No national ambient air quality standards (NAAQS) have been developed for carbon tetrachloride 
under the CIean Air Act (IRIS, 1996). However, the Occupational Safety and Health 
Administration (OSHA) has promulgated enforceable permissible exposure limits (PELs) for 
worker exposure to carbon tetrachloride (ACGIH, 1995). In addition, the National Institute of 
Occupational Safety and Health (NIOSH) and the American Conference of Governmental 
Industrial Hygienists (ACGIH) have developed nonenforceable recommended exposure levels 
(RELs) and threshold limit values (T’LVs), respectively (ACGIH, 1995). These values are 
presented in the Table 4. 

Ecolo&al Receutors 
No AWQCs have been developed for the protection of freshwater or marine organisms. 

However, chronic and acute lowest observed effect levels (LOELs) have been reported by EPA 

and are presented in Table 5 (IRIS, 1996). 
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Table 1. Noncarcinogenic Reference Doses and Potential Noncarcinogenic Effects 
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0.0007 Medium Liver lesions IRIS, 1996 1,000 C,H,S 

0.007 Medium Liver lesions EPA, 1995 100 H,S 

-- -- -- 

-- -- 

Note: RfD = reference dose. 
- = No EPA Review. 

*Uncertainty factors are typically multiples of 10 and are provided using the following codes: 
C = to extrapolate from a subchronic study to a chronic endpoint. 
H = to extrapolate from an animal study to humans. 
S = to protect sensitive human subpopulations. 

b A modifying factor is an extra safety factor (ranging from 1 to 10) incorporated in the RfD development to 
account for various other data deficiencies. 

Source: ESE. 
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Table 2. Carcinogenic Slope Factors and Potential Carcinogenic Effects 
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0.053. 
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B2 

Liver tumors 

Liver tumors 

Note: B2 = suspect human carcinogen (adequate evidence of carcinogenicity in animals and 
insufficient evidence in humans). 

‘Inhalation CSF is based on an inhalation unit risk (UR) of 1.5 x 10’ (&m’)’ (IRIS, 1996) and assumes 
that a healthy 70-kilogram adult inhales 20 ti of air per day. 

Source: ESE. 
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Table 3. Human Regulatory Criteria &g/L) 

Carbon 
tetrachloride 

Note: SDWA = EPA Safe Drinking Water Act. 
MCL = maximum contaminant level. 

h I’ i .G = maximum contaminant level goal. 
AWQC = EPA ambient water quality criteria. 

-- = no value available. 

‘Value is for a IO-kg child. 
b Value is based on the following formula: 

1 1 1 -=-+- 
W+F W F 
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1_ 0.4” 6.94c 0.42’ 

‘Carcinogenic; value represents lo4 cancer risk. 

Source: ESE. 
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Table 4. Air Quality Standards 

STEL 

CL 
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12.6 c -- 31 c,s 

-- 12.6 c 63 c,s 
(60 min) 

200 c 
(5minpeakinany 
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-- _- 

Note: TWA = time-weighted average concentration for a normal S-hour workday and a 40-hour 
workweek to which nearly all workers may be exposed on a daily basis without 
adverse effect. 

STEL = short-term exposure limit; 15minute (unless otherwise specified) TWA exposure 
that should not be exceeded at any time during a workday even if the &hour 
TWA is not exceeded. 

CL = ceiling level; unless otherwise specified, the concentration that should not be 
exceeded at any time during a workday. 

C = designates that this chemical is regulated as a potential carcinogen. 
S = signifies that dermal absorption may be a significant exposure route for this 

chemical. 

Source: ESE. 
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Table 5. Ambient Water Quality Criteria 

II Acute 

chronic 

50,000 

-- 

Source: ESE. 
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CHLOROFORM 
(CA.9 No. 67-66-3) 

INTRODUCTION 

Chloroform (trichloromethane) is produced during the chlorination of drinking water and :is a 
common contaminant in potable water supplies. Chloroform was used for several years as an 
anesthetic but is now used in this capacity only in emergencies and, to some degree, in the 
tropics, where it is favored over some of the more volatile compounds, such as ether. 

Chloroform is a volatile compound (vapor pressure is 151 torr at 20°C) and quickly moves from 
surface water systems to the atmosphere, where it is attacked by hydroxyl radicals, forming 
phosgene that is subsequently hydrolyzed to HC, CO, and chlorine oxide radicals that are not 
likely to persist @PA, 1980). Half-lives are reported as 1.2 days in a river, 6.2 days in a pond, 
and 13 days in a lake; the half-life is less than 30 minutes in a stirred aqueous solution (GRNL, 

1989). 

Volatilization from surficial and near-surface soils is reported to be slower by about one order of 
magnitude (ORNL, 1989). While airborne chloroform will undergo photooxidation, it does not 
undergo rapid hydrolysis under normai environmental conditions. Chloroform is not believed to 
undergo microbial degradation except in acclimated water treatment systems and in active landfills 
(ORNL, 1989). While chloroform on the soil surface is likely to volatilize, based on the water 
solubility of 8,200 mg/L at 20°C and the soil sorption coefficient @,J value of 44, any remaining 
portion will most likely be leached to groundwater (ORNL, 1989). 

IIUMAN HEALTH EFFECTS 

Noncarcinorenic Effects 

Chronic and subchronic oral reference doses (RfDs) are available from EPA (IRIS, 1996; EPA, 
1995) and are presented in Table 1. Inhalation reference concentrations (RfCs) are currently 
under review by an EPA Work Group and no inhalation RfCs or RfDs are provided in IRIS 
(1996) or HEAST (EPA, 1995). 

The chronic oral RfD (and interim subchronic oral RfD) of 0.01 mg/kg/day are based on a 
chronic animal study be Heywood et al. (1979) in which dogs were exposed to chloroform at 
either 15 or 30 mg/kg/day for 6 days/week for 7.5 years. Fatty cysts and altered hepatocytes, 
considered to be treatment-related, were observed in livers of some dogs in both treatment 
groups. Also, a dose-related increase in hepatic enzyme levels was noted in the high-dose 
animals. Therefore, the LOAEL was determined to be 15 mg/kg/day. Adjusting this value for 

7 day/week exposure period and applying an uncertainty factor of 1,000 (10 for use of a LOAEL 
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instead of a NOAEL, 10 for animal-to-human extrapolation, and 10 for sensitive human 
subpopulations) results in a chronic orai RfD of 0.01 mg/kg/day. 

Chronic oral exposure in humans adversely affects the central nervous system (CNS) as well as 
the liver, kidneys, and heart (NIOSH, 1974). Chronic effects reported following oral exposure of 
rats to levels of 60 mg/kg/day or greater include decreased liver weights and serum cholinesterase 
levels, an increased incidence of a noncancerous respiratory disease, and gonadal atrophy (EPA, 
1984). Chloroform readily passes the cell membrane, and effects include CNS disturbances, liver 
glutathione depletion, and gonadal and bone marrow abnormalities (USATHAMA, 1989). 

Animals on high-fat or protein-poor diets appear more susceptible to hepatotoxicity, while 
high-carbohydrate and high-protein diets appear to have a protective effect (USATHAMA, 1989). 
Liver necrosis and gonad dysfunction were reported in rats at 150 mg/kg/day (Palmer et al., 
1979). No effects in humans following subchronic oral exposure at 2.5 mg/kg/day were reported 
by EPA (1984) or in rats exposed to 30 mg/kg/day (Palmer et al., 1979), but necrosis of the liver 
and dysfunction of the gonads were reported in rats at 150 mg/kg/day (Palmer et al., 1979). 

Occupational human exposure via inhalation in the workplace at levels between 22 and 237 ppm is 
reported to result in depression, gastrointestinal disturbances, headache, and frequent and scalding 
urination (EPA, 1984). Other reported effects include cardiac arrhythmia, ventricular 
tachycardia, and bradycardia. Death from chloroform overdose is attributed to ventricular 
fibrillation. In rats, inhalation exposure to as little as 25 ppm produced histopathological changes 
in the liver and kidney (EPA, 1984). Similar effects were present in guinea pigs and rabbits, 
although the data are questionable as results were observed in the lowest and highest doses, but 
none were observed at the middle dose. 

Carcinogenicite 

Chloroform has been classified as a group B2 (probable human) carcinogen (IRIS, 1996). This 
classification indicates sufficient evidence of carcinogenicity in animals but inadequate evidence of 
human carcinogenicity. The carcinogenic slope factors (CSFs) and supporting information are 
presented in Table 2. 

The oral CSF of 0.0061 (mg/kg/day)-’ was derived from a drinking water bioassay by Jorgenson 
et al. (1985) in which chloroform was administered in drinking water to rats and mice at 
concentrations of 200, 400, 900, and 1800 mg/L for 104 weeks. These concentrations were 
reported by the author to correspond to 19, 38, 81, and 160 mg/kg/day for rats and 34, 65, 130, 
and 263 mg/kg/day for mice. A significant increase in renal tumors in rats was observed in the 
highest dose group and considered dose-related. The liver tumor incidence in mice was not 
significantly increased. This study was specifically designed to measure the effects of exposure to 
low doses of chloroform. 
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The inhalation unit risk @JR) of 2.3 x 10S &g/m’)-’ is based on a gavage study by NC1 (1976) in 
which mice were dosed with chloroform at time-weighted average levels of 138 and 
277 mg/kg/day (males) and 238 and 477 mg/kg/day (females) for 78 weeks. Highly signifficant 
increases in hepatocellular carcinomas were observed in mice of both sexes, while hepatic nodular 
hyperplasia was observed in those animals not developing hepatocellular carcinoma. Mice 
exposed to 90 mg/kg/day of chloroform developed kidney tumors. Limited data suggest that,. oral 
human exposure to chloroform leads to increased risk of bladder, colon, and rectal cancer (EPA, 
1984). Assuming that a healthy 70-kg adult inhales 20 m3 of air per day, an inhalation CSF of 
0.081 (mg/kg/day)-* is derived (EPA, 1995). 

Mutagenicity 

Although not independently confirmed, significantly higher frequencies of acquired chromosomal 
aberrations were noted in the lymphocytes of women occupationally exposed to chloroform and 

other organic solvents (Furies-Cravioto et al., 1977). Similar findings were observed in the 
children of these women. The relevance of acquired somatic chromosomal aberrations to the risk 
of malformations or any other disease in the offspring is unknown. 

The majority of tests for genotoxicity of chloroform have been negative (IRIS, 1996). One study, 
however, demonstrated binding of radiolabeled chloroform to calf thymus DNA following 
metabolism by rat liver microsomes (IRIS, 1996). Chloroform caused mitotic recombination in 
Succhuromyces (Callen et al., 1980) and sister chromatid exchange in cultured human 
lymphocytes and in mouse bone marrow cells exposed in vivo (Morimoto and Kolzumi, 1983). A 
host-mediated assay using mice indicated that chloroform was metabolized in vivo to a form 
mutagenic to a strain of Salmonelka. Likewise urine extracts from chloroform-treated mice were 

mutagenic (Agustin and Lim-Sylianco, 1978). 

TeratoPenicitv/Reuroductive Effects 

ChIoroform crosses the human placenta and can be detected in fetal blood (ReproText, 19%). 
The frequency of congenital anomalies was no greater than expected among 492 children of 
laboratory workers occupationally exposed to organic solvents during the first trimester of 
pregnancy; 128 of these mothers reported first trimester exposure to chloroform (Axelsson et al., 

1984). The only cases where chloroform was suspected of human reproductive effects were two 
cases of eclamptic toxemia of pregnancy in women working in the same laboratory where 
chloroform was used (ReproText, 1996). Eclampsia in pregnancy follows high blood pressure 
and retention of fluid and is marked by headache, visual disturbances, and either convulsions, 
coma, or both. 

In general, chloroform has been highly embryotoxic and somewhat teratogenic in animal studies 
with fetal toxicity generally occurring at exposure levels associated with maternal toxicity 
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(Shepard, 1996). Teratogenic effects were reported in rats and mice exposed to 30 ppm or higher 
via inhalation on days 6 to 15 of gestation (EPA, 1984). Following the inhalation of chloroform, 
rats experienced increased post-implantation deaths, decreased fetal weight gain, reduced 
conception rate, increased resorptions, and retarded fetal growth (TERIS, 1996). In mice, 
chloroform impaired pregnancy, increased pre-implantation losses, retarded fetal growth, and 
caused cleft palates (TERIS, 1996). The frequency of cleft palate was increased among the 
offspring of mice exposed chronically during pregnancy to chloroform vapors at a concentration 
50 times the NIOSH occupational standard of 2 ppm (about l/100 of the human anesthetic dose) 
(‘lERIS, 1996). When male mice were exposed to chloroform through inhalation, structural 
abnormalities in sperm were reported; this effect was not observed following the intraperitoneai 
injection of chloroform (ReproText, 1996). Anal atresia was observed with increased frequency 
among the offspring of pregnant rats after similar exposure, but not after exposure to 15 times the 
NIOSH occupational standard (TERIS, 1996). In both studies, considerable maternal toxicity 
occurred. 

In contrast, no malformations were observed in the offspring of rats or rabbits given chloroform 
orally during pregnancy at doses up to 400 mg or 50 mg/kg/day, respectively, although there was 
evidence of maternal toxicity (ReproText, 1996). Oral doses greater than 100 mg/kg/day in 
female rabbits were toxic to dam and fetus (USATHAMA, 1989), intimating that 100 mg/kg/day 
represents a LOAEL for the rabbit (TERIS, 1996). 

ECOTOXICITY 

Aauatic Owanisms 

Toxic concentrations reported in the literature for chloroform in aquatic systems cover a wide 
range of values. Acute toxicity tests conducted on rainbow trout, bluegill, and a daphnia species 
evidenced median effect concentrations of 28,900 to 115,000 pg/L (EPA, 1980). Birge et al. 

(1980) reported 96-hour LC, values of 270 to 35,100 pg/L in toads and frogs exposed from egg 
stage to hatchlings; fish LC, values were reported from 2,030 to 75,000 pg/L (Anderson and 
Lusty, 1980). Chronic (27day) LC, values of 2,030 and 1,240 pg/L were reported for rainbow 
trout larvae at water hardness values of 50 and 200 mg/L, respectively (EPA, 1980). The 
96-hour LC, value of 270 pg/L reported by Birge et al. (1980) for toads and frogs may be 
considered the acute LOAEL. Applying an uncertainty factor of 100 yields a water TRV of 
0.0027 mg/L (2.7 fig/L) for aquatic organisms. 

Terrestrial Owanisms 

No information was identified regarding the toxicity of chloroform to vegetation; however, some 
general observations may be made regarding potential interactions. With an log octanol-water 
partition coefficient (KJ of 1.94, chloroform is partially miscible with water based on a 
regression analysis by Briggs et al. (1982, 1983). This suggests that chloroform will enter the 
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plant and be translocated within the plant structure. As it is lipophilic, it may pass through the 
cuticle of the leaf, if in contact for a sufficient length of time; conversely, the volatility of the 
compound would limit the time available. 

No oral or inhalant toxic levels are provided for livestock. Booth (1977) states that only a 2 to 
4 percent chloroform concentration in air is necessary to induce anesthesia in an animal in. a 
reasonable timeframe of 10 to 12 minutes and that this concentration should be lowered to 
1.5 percent for the duration of anesthesia. Dogs fasted for 24 hours and then anesthetized for 1.5 
hours evidenced central necrosis of one-third to one-half of the liver lobules. No information 
regarding the effects in terrestrial wildlife was identified. 

STANDARDS AND CRITERIA 

Human ReceDtors 

A summary of drinking water standards and criteria is presented as Table 3. 
EPA has not established a health-based Maximum Contaminant Level Goal (MCLG) for 
chloroform in drinking water due to insufficient information (IRIS, 1996). However, an interim 
MCL of 100 pg/L for total trihalomethanes (chloroform, bromodichloromethane, 
dibromochloromethane, and bromoform) is proposed based on chronic toxicity data for 
chloroform and existing technology and treatment methods (44 FR 68624). Chloroform produced 
CNS depression, as well as hepatic, renal, teratogenic and carcinogenic effects at dose levels from 
30 to 350 mg/kg. This MCL applies only to community water systems which serve a population 

of 10,000 or more individuals and add a disinfectant (oxidant) to the water in any part of the 
drinking water treatment process. 

Although inhalation appears to be the primary exposure route for chloroform, EPA concluded that 
current information does not indicate that chloroform endangers public health at ambient 
concentrations (excluding emergency releases). Therefore, no regulation directed specifically at 
chloroform is necessary at this time under the Clean Air Act and no national ambient air quality 
standards (NAAQS) have been developed for chloroform (BUS, 1996). EPA indicated thalt it 
intends to add chloroform to the list of hazardous air pollutants for which it intends to establish 
emission standards under section 112(b)(l)(A) of the Clean Air Act. The EPA will decide 
whether to add chloroform to the list only after studying possible techniques that might be used to 
control emissions of chloroform and further assessing the public health risks. The EPA will add 
chloroform to the list if emission standards are warranted. 

The Occupational Safety and Health Administration (OSHA) has promulgated enforceable 
permissible exposure limits (PELs) for worker exposure (ACGIH, 1995). In addition, the 

National Institute of Occupational Safety and Health (NIOSH) and the American Conference of 
Governmental Industrial Hygienists (ACGIH) have developed nonenforceable recommended 
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exposure levels (RELs) and threshold limit values (TLVs), respectively (ACGIH, 1995). These 
values are presented in the following table of air quality criteria. 

Ecological Receutors 
No AWQCs have been developed for the protection of freshwater or marine organisms against 
exposure to chloroform (IRIS, 1996). However, the LOELs for the freshwater aquatic species 
tested have been determined (IRIS, 1996). These LOELs, which are established when the 

minimum data required to derive AWQCs are not available, are presented in the following table. 

N-18 



chlofoform 
Latest Revision: 09 Mav 1996 0955 

Table 1. Noncarcinogenic Reference Doses and Potential Noncarcinogenic Effects 
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. . 

Old 
ChIVlLiC 

subchrouic 

Inhalation 
chronic 

subchronic 

0.01 Medium Fatty liver cysts IRIS, 1996 1,000 H,N,S 

0.01 Medium Fatty liver cysts EPA, 1995 1,000 H,N,S 

-- -- -- -- 

_- -- 

Note: IRIS = Integrated Risk Information System. 
IUD = reference dose. 
RfC = reference concentration. 

- = Not available. 
LOAEL = lowest observed adverse effect level. 
NOAEL = no observed adverse effect level. 

*Uncertainty factors are typically multiples of 10 and are provided using the following codes: 
H = to extrapolate from an animal study to bumans. 
N = to extrapolate from a LOAEL to a NOAEL. 
S = to protect sensitive human subpopulations. 

b A modifying factor is an extra safety factor (ranging from 1 to 10) incorporated in the RfD development to 
account for various other data deficiencies. 

Source: ESE. 
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Table 2. Carcinogenic Slope Factors and Potential Carcinogenic Effects 

Old 

Inhalation 

Note: 

0.0061 B2 Kidney tumors IRIS, 1996 

0.081’ B2 Liver tumors EPA, 1995 

B2 = suspect human carcinogen (sufficient evidence of carcinogenicity in animals and 
inadequate data in humans). 

UR = unit risk. 

‘Inhalation CSF based on an inhalation UR of 2.3 x 10-’ (pg/m’)” (IRIS, 1996) and assumes that a healthy 
70-kilogram adult inhales 20 m’/day of air. 

Source: ESE. 
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Table 3. Human Regulatory Criteria @g/L) 
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Chloroform loob -- -- -- -- -- -- 0.19 15.7 0.19’ 

Note: SDWA = EPA Safe Drinking Water Act. 
MCL = maximum contaminant level. 

MCLG = maximum contaminant level goal. 
AWQC = EPA ambient water quality criteria. 

-- = no value available. 

*Value is based on the following formula: 

1 1 1 -=-+- 
W+F W F 

b National Interim Primary Drinking Water Regulation (NIPDWR) (45 FR 57332) for total tribalomethanes (chloroform, bromodichloromethane, 
dibromocldoromethane, and bromoform). 

‘Carcinogenic; value represents lo6 cancer risk. 

Source: ESE. 
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Table 4. Air Quality Standards 
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TWA 9.78 c -- 49 c 

STEL 9.78 (60 min) c 

CL 240 c -- -a 
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Note: TWA = time-weighted average concentration for a normal &hour workday and a 40-hour 
workweek to which nearly all workers may be exposed on a daily basis without 
adverse effect. 

STEL = short-term exposure limit; 15minute (unless otherwise specified) TWA exposure that 
should not be exceeded at any time during a work&y even if the g-hour TWA is not 
exceeded. 

CL = ceiling level; unless otherwise specified, the concentration that should not be 
exceeded at any time during a work&y. 

C = designates that this chemical is regulated as a potential carcinogen. 

Source: ESE. 
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Table 5. Ambient Water Quality Standards 

Acute 2,890 -- 

chronic 1,240 _- 

Source: ESE. 

N-23 



Chlomform 
Latest Revision: 09 Mav 1996 0935 

REFERENCES 

Agustin, J.S. and Lim-Sylianco, C.Y. 1978. Mutagenic and clastogenic effects of chloroform. 
Bull. Phil. Biochem. Sot. 1: 17-23. (Cited in IRIS, 1996). 

Anderson, D.R., and Lusty, E.B. 1980. Acute Toxicity and Bioaccumulation of Chloroform to 
Four Species of Freshwater Fish. U.S. NTIS NURJZGKR-0893. 

American Conference of Governmental Industrial Hygienists (ACGIH). 1995. Guide to 
Occupational Exposure Values--1995. Cincinnati, OH. ISBN: 1-882417-12-7. 

Axelsson, G., Lutz, C., and Rylande, R. 1984. Exposure to solvents and outcome of pregnancy 
in university laboratory employees. Brit. Jour. Ind. Med. 41:305-312, 1984. (Cited in 
TERIS, 1996). 

Birge, W.J., Black, J.A., and Kuehne, A.E. 1980. Effects of Organic Compounds on 
Amphibian Reproduction. University of Kentucky Water Resources Research Institute, 
Lexington, KY. PBSO-147523. Research Report No. 121. 

Booth, N.H. 1977. Drugs Acting on the Central Nervous System; Inhalant Anesthetics. In: 
Veterinary Pharmacology and Therapeutics. 4th Ed. Jones, L.M., Booth, N.H., and 
McDonald, L.E., Eds. Iowa State University Press, Ames, IA. 

Briggs, G.G., Bromilow, R.H., and Evans, A.A. 1982. Relationships Between Lipophilicity and 
Root Uptake and Translocation of Non-Ionized Chemicals by Barley. Pesticide Science, 
13:495-504. 

Briggs, G.G., Bromilow, R.H., Evans, A.A., and Williams, M. 1983. Relationships Between 
Lipophiiicity and the Distribution of Non-Ionized Chemicals in Barley Shoots Following 
Uptake by the Roots. Pesticide Science, 14:492-500. 

Callen, D.F., Wolf, CR., and Philpot, R.M. 1980. Cytochrome P-450 mediated genetic 
activity and cytotoxicity of seven halogenated aliphatic hydrocarbons in Succharomyces 
cerevisiue. Mutat. Res. 77:55-63. (Cited in IRIS, 1996). 

Funes-Cravioto, F., Kolmodin-Hedman, B., Lindsten, J., and Nordenskjold, M. 1977. 
Chromosome aberrations and sister-chromatid exchange in workers in chemical 
laboratories and a rotoprinting factory and in children of women laboratory workers. 
Lancet. 2:322-325. (Cited in TERIS, 1996). 

Heywood, R., Sortwell, R.J., and Noel, P.R.B. 1979. Safety evaluation of toothpaste containing 
chloroform; long-term study in beagle dogs. Jour. Environ. Pathol. Toxicol. 2:835-851. 
(Cited in IRIS, 1996). 

Integrated Risk Information System (IRIS). 1996. U.S. Environmental Protection Agency 
(EPA), Washington, DC. TOMES PLUS@ Information System CD/ROM, Version 29, 
Expires 7131196. Managed by Micromedex, Inc., Englewood, CO. 

N-24 



Chloroform 

Jorgenson, T.A., Meierhenry, E.F., and Rushbrook, C.J. 1985. Carcinogenic&y of chloroform 
in drinking water to male Osborne-Mendel rats and female B6C3Fl mice. Fund. Appl. 
Toxicol. 5(4):760-769. (Cited in IRIS, 1996). 

Morimoto, K. and Koizumi, A. 1983. Trihalomethanes-induced sister chromatid exchanges in 
human lymphocytes in v&-o and mouse bone marrow cells in vivo. Environ. Res. 
32(1):72-79. (Cited in IRIS, 1996). 

National Cancer Institute (NCI). 1976. Report on Carcinogenesis Bioassay of Chloroform. 
National Cancer Institute, Washington, DC. NTIS PB 264018. (Cited in IRIS, 1996). 

National Institute of Occupational Safety and Health (NIOSH). 1974. Recommended Standard 
Criteria for an Occupational Exposure to Chloroform. U.S. DHEW, PHS, CDC, 
Rockville, MD. NTIS PB 246695. 

Oak Ridge National Laboratory (ORNL). 1989. Installation Restoration Program Toxicology 
Guide. Biomedical and Environmental Information Analysis, Health and Safety Research 
Division. Prepared for U.S. Air Force Systems Command, Wright-Patterson Air Force 
Base. Oak Ridge, TN. 

Palmer, A.K., Street, A.E., Rot, F.J.C., Worden, A.N., and Van Abbe, N.J. 1979. Safety 
Evaluation of Toothpaste Containing Chloroform. II. Long-term Studies in Rats. 
Journal of Environmental Pathology, Toxicology, and Oncology, 2:821-833. 

ReproText?. 1996. B.J. Dabney. Part of the Reproductive Risk Information System 
(ReproRisk@), TOMES PLUS@ Information System CD/ROM, Version 29, Expires 
7/31/96. Managed by Micromedex, Inc., Englewood, CO. 

Shepard’s Catalog of Teratogenic Agents. 1996. T.H. Shepard. TOMES PLUS@ Information 
System CD/ROM, Version 29, Expires 7/31/96. Managed by Micromedex, Inc., 
Englewood, CO. 

Teratogen Information System (TERIS). 1996. University of Washington, Seattle, WA. 
Part of the Reproductive Risk Information System (ReproRisk@), TOMES PLUS” 
Information System CD/ROM, Version 29, Expires 7/31/96. Managed by 
Micromedex, Inc., Englewood, CO. 

U.S. Army Toxic and Hazardous Materials Agency (USATHAMA). 1989. Biota Remedial 
Investigation. Final Report, Vol. II. Prepared for Office of the Program Manager, 
Rocky Mountain Arsenal Contamination Cleanup. AMXRM Aberdeen Proving Ground, 
MD. 

U.S. Environmental Protection Agency (EPA). 1980. Ambient Water Quality Criteria for 
Chloroform. Office of Water Regulations and Standards, Criteria and Standards Division, 
Washington, DC. EPA 440580-033. NTIS No. PBSl-117442 

N-25 



ChlorofotTn 
Latest Revision: 09 Mav 1996 0955 

U.S. Environmental Protection Agency (EPA). 1984. Health Effects Assessment for 
Chloroform. Environmental Citeria and Assessment Offke, Office of Research and 
Development, Cincinnati, OH. EPA 540/l-86/010. NTIS No. PB86-134210. 

U.S. Environmental Protection Agency (EPA). 1995. Heaith Effects Assessment Summary 
Tables @EAST). FY-1995 AMU~. Offke of Emergency and Remedial Response, 
Washington, DC. EPA 540/R-95/036. Publication No. 9200.6-303(95-l). NTIS No. 
PB95-921199. 

N-26 



1 , 1-Dichloroethane 
Latest Revision: 09 Mav 1996 11:05 

l,l-DICHLOROETHANE 
(CAS No. 75-34-3) 

INTRODUCTION 

l,l-Dichloroethane is currently used as an extract& for heat-sensitive substances, as a cleaning 
solvent and degreaser, and as a fumigant (ORNL, 1989). The largest industrial use is as an 
intermediate in the manufacture of 1, 1, 1-trichloroethane. Previously used as an anesthetic, this 
practice was stopped because of its marked excitation of the heart (ORNL, 1989). 

1,1-Dichloroethane is expected to be highly mobile in the soil/groundwater system because it is 
soluble in water (5,500 mg/L at 20°C) and has a range of relatively low estimated soil sorption 
coefficient (KJ values (30 to 58), indicating that the compound will not be strongly bound to 
soils (ORNL, 1989). Transport of 1,ldichloroethane vapors through the air-filled pores of 
unsaturated soils followed by photochemical oxidation is an important loss mechanism for 
near-surface contaminate&soils (ORNL, 1989). In saturated subsurface soils (where soil organic 
carbon and soil air are negligible), a large fraction of the 1, ldichloroethane (approximately 
90 percent) is expected to be present in the soil-water phase and transported with flowing 
groundwater (ORNL, 1989). Because 1,ldichloroethane is a low molecular weight 
chloroaliphatic, it is not rapidly metabolized in the environment, although it can be degraded by 
acclimated microbial populations (ORNL, 1989). Under normal environmental conditions, 
1,ldichloroethane is not expected to undergo rapid hydrolysis (ORNL, 1989). Groundwater 
underlying soils contaminated with 1,ldichloroethane low organic content may be highly 
vulnerable to contamination. 

HUMAN HEALTH EFFECTS 

Noncarcinogenic Effects 

EPA has not developed final oral reference doses (RfDs) or inhalation reference concentrations 
(RfCs) for 1,ldichloroethane (IRIS, 1996). Interim chronic and subchronic oral and inhalation 
RfDs are provided by EPA (1995), however, and are presented in Table 1. 

The oral RfDs are derived from an inhalation study in which rats, guinea pigs, rabbits, and cats 
were exposed to inhalation concentrations of 500 ppm (2,025 mg/m3) and 1,000 ppm 
(4,050 mg/m3) for 13 weeks (EPA, 1984). Based on this study, a no-observed-effect level 
(NOEL) for rats of 115 mg/kg/day was determined. Applying an uncertainty factor of 100 (10 

for animal-to-human extrapolation and 10 for sensitive human subpopulations) results in an 
interim subchronic oral RfD of 1.0 mg/kg/day. Applying an additional uncertainty factor of 10 to 

extrapolate from a subchronic study to chronic exposure results in a chronic oral RfD of 
0.1 mg/kg/day. 
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Based on the same study as the oral RfDs, an inhalation NOEL for cats of 138 mg/kg/day was 
determined. Using methodology not currently used by EPA’s RfD/RfC Work Group, EPA has 
calculated interim chronic and subchronic inhalation RfCs of 0.5 and 5 mg/m3, respectively, for 
1, ldichloroethane (EPA, 1995, Table 2). Assuming that a healthy 70-kilogram adult inhales 
20 m3/day of air, chronic and subchronic inhalation RfDs of 0.1 and 1 mg/kg/day may be 
derived. 

The available data indicate that 1, ldichloroethane is capable of causing CNS depression and 
cardiac arrhythmia and may cause liver damage in humans following inhalation exposure to high 
doses (EPA, 1985). Short-term acute toxicity tests on laboratory animals indicate that 
1, ldichloroethane is low in acute toxicity but is capable of causing narcosis at high 
concentrations (ORNL, 1989). Several animal studies suggest that 1, ldichloroethane has a 
relatively low potential for causing liver or kidney damage even following repeated exposures 
(ORNL, 1989). In tests on mice, intraperitoneal doses of 1,000 mg/kg resulted in swelling of the 
renal tubules of the kidney but no tissue damage (ORNL, 1989). Dermal studies indicate that 

1,ldichloroethane can be absorbed through skin but not in amounts sufficient to produce systemic 
injury (ORNL, 1989). Chronic inhalation exposures of humans, rats, guinea pigs, and rabbits to 
1,ldichloroethane did not result in toxic effects; however, chronic inhalation exposure of cats 
resulted in renal damage and signs of renal tubular dilation and degeneration (ORNL, 1989). 

Carcinofzenicitv 

EPA has classified 1, ldichloroethane as a group C (possible human carcinogen) (IRIS, 19%). 
This classification is based on no human data and limited evidence of carcinogenicity in two 
animal species (rats and mice) as shown by an increased incidence of mammary gland 
adenocarcinomas and hemangiosarcomas in female rats and an increased incidence of 
hepatocellular carcinomas and benign uterine polyps in mice. Based on these findings, as well as 
the appearance of lung papillomas in mice after topical treatment, 1, ldichloroethane was 
formerly classified as a group B2 chemical, (probable human carcinogen) (EPA, 1990). Because 
of similarities in structure and target organs, the carcinogenic evidence for 1,2dichloroethane is 
considered to be supportive of the re-classification of 1, ldichloroethane in group C, a possible 
human carcinogen (IRIS, 1996). No oral or inhalation cancer slope factors (CSFs) were found in 
the literature reviewed (IRIS, 1996; EPA, 1995). 

Mutagenicitv 

The compound 1, ldichloroethane was not mutagenic in the Ames assay, but the conflicting 
results of the assay indicate that 1,ldichloroethane may be genotoxic (ORNL, 1989). No other 
mutagenic data were available in the literature reviewed (IRIS, 1996). 
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Teratogenicitv/Renroductive Effects 

No teratogenic effects were observed in rats exposed to 3,380 ppm (15,390 mg/m) 
1, ldichloroethane, but delayed ossification was observed at 6,000 ppm (24,300 mg/m’), No 
effects were observed on implants/dam, live fetuses/dam, resorptions/dam, or fetal weight; 
however, maternotoxicity was observed in the high-dose group (ORNL, 1989). 

ECOTOXICITY 

Aauatic orpanisms 

No information on the effects of 1, ldichloroethane on aquatic vegetation was found in the 
reviewed literature. 

Concentrations of 11,600 pg/L (L&,/EC,) affect the aquatic invertebrate Daphnia magna. The 

lowest 96-hour LC, reported for fish is 550,000 pg/L, based upon studies of bluegill (Lepomis 

macrochirus) (Verschueren, 1983). The estimated bioconcentration factor of 1.3 indicates 
insignificant bioconcentration in fish (Lyman et al., 1982). 

Terrestrial Orpanisms 

No information on the effects of 1, ldichloroethane on terrestrial plants or invertebrates was 
found in the reviewed literature. 

Rats and mice fed relatively high doses of 1, ldichloroethane showed poor survival. Results were 

based upon studies using doses of 764 and 382 mg/kg/day (male rats), 950 and 475 mg/kg/day 

(female rats), 2885 and 1442 mg/kg/day (male mice), and 3331 and 1665 mg/kg/day (female 
mice) (Clayton and Clayton, 1981). These studies also reported evidence for the carcinogenicity 
of 1,ldichloroethane. Reported inhalation LC, values are 17,300 ppm in mice after 2 hours and 

16,000 ppm in rats after 8 hours (Verschueren, 1983). 

STANDARDS AND CRITERIA 

Human Receutors 

Although 1, ldichloroethane is listed in the January 1991 Safe Drinking Water Act (SDWA) 
Drinking Water Priority List and may be subject to future regulation, EPA has not promulgated 
or proposed a maximum contaminant level (MCL), an MCL Goal (MCLG), ambient water quality 
criteria (AWQC), or drinking water health advisories for human consumption of this chemical 
(IRIS, 1996). 

Although inhalation appears to be the primary exposure route for 1, ldichloroethane, EPA 
concluded that current information does not indicate that 1, ldichloroethane endangers public 
health at ambient concentrations (excluding emergency releases). Therefore, no regulation 
directed specifically at 1, ldichloroethane is necessary at this time under the Clean Air Act and no 
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national ambient air quality standards (NAAQS) have been developed for this volatile chemical 
(IRIS, 1996). However, the Occupational Safety and Health Administration (OSHA) has 
promulgated enforceable permissible exposure limits (PELs) for worker exposure (ACGIH, 1995). 
In addition, the National Institute of Occupational Safety and Health (NIOSH) and the American 
Conference of Governmental Industrial Hygienists (ACGIH) have developed nonenforceable 
recommended exposure levels (RELs) and threshold limit values (TLVs), respectively (ACGIH, 
1995). These values are presented in Table 2. 

Ecolohal ReceDtors 

EPA has not established AWQCs for 1, ldichloroethane for the protection of aquatic organisms 
and lowest observed effect levels (LOELs) or lowest effective concentrations (LECs) are not 
reported in the available literature (IRIS, 1996). 

N-30 



1,l -Dichioroethane 
Latest Revision: 09 May 1996 11 :OS 

Table 1. Noncarcinogenic Reference Doses and Potential Noncarcinogenic Effects 

Oral 
chronic 

subchronic 

Inhalation 

chronic 

subcllronic 

0.1 -- NOEL EPA, 1995 

1 -- NOEL EPA, 1995 

0.14 -- Renal damage EPA, 1995 1,000 C:,H,S 

1.4 -- Renal damage EPA, 1995 100 H,S 

1,000 C!,H,S 

100 H,S 

Note: RfD= 
reference dose. 

--= 
No EPA Review. 

‘Uncertainty factors are typically multiples of 10 and are provided using the following codes: 
c= 

to extrapolate from a subchronic study to a chronic endpoint. 
H= 

to extrapolate from an animal study to humans. 
s = 

to protect sensitive human subpopulations. 
“A modifying factor is an extra safety factor (ranging from 1 to 10) incorporated in the RfD development to 
account for various other data deficiencies. 

Source: ESE. 
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Table 2. Air Quality Standards 

TWA 

STEL 

CL 

TWA = 

. . 

:: .:. 
:.: 

:. 
.j 

:‘.. : .b3HA PEL. ,’ ;’ 
‘. 

400 

-- 

-- -- -- 

time-weighted average concentration for a normal g-hour workday and a 40-hour workweek to which 
nearly all workers may be exposed on a daily basis without adverse effect. 

STEL = 
short-term exposure limit; 15minute (unless otherwise specified) TWA exposure that should not be 
exceeded at any time during a workday even if the g-hour TWA is not exceeded. 

CL = 
ceiling level; unless otherwise specified, the concentration that should not be exceeded at any time 
during a work&y. 

Source: ESE. 

N-32 



1 , 1-Diichloroethane 
Latest Revision: 09 May 1996 11:05 

REFERENCES 

American Conference of Governmental Industrial Hygienists (ACGIH). 1995. Guide to 
Occupational Exposure Values--1995. Cincinnati, OH. ISBN: 1-882417-12-7. 

Clayton, G.D. and Clayton, F.E., eds. 1981. Patty’s Industrial Hygiene and Toxicology. 
Volumes 2A, 2B, and 2C. Third Revised Ed. John Wiley and Sons, New York, NY. 

Integrated Risk Information System (IRIS). 1996. U.S. Environmental Protection Agency 
(EPA), Washington, DC. TOMES PLUS@ Information System CD/ROM, Version 29, 
Expires 7/31/96. Managed by Micromedex, Inc., Englewood, CO. 

Lyman, W.J., Reehy W.F. and D.H. Rosenblatt. 1982. Handbook of Chemical Property 
Estimation Methods: Environmental Behavior of Organic Compounds. McGraw-Hill 
Book Co., New York, NY. 

Oak Ridge National Laboratory (ORNL). 1989. Installation Restoration Program Toxicology 
Guide. Biomedical and Environmental Information Analysis, Health and Safety Research 
Division. Prepared for U.S. Air Force Systems Command, Wright-Patterson Air Force 
Base. Oak Ridge, TN. 

U.S. Environmental Protection Agency (EPA). 1984. Health Effects Assessment for 
1, 1-Dichloroethylene. Environmental Criteria and Assessment Office. Cincinnati, OH. 
PB86-134624. 

U.S. Environmental Protection Agency (EPA). 1985. Chemical, Physical, and Biological 
Properties of Compounds Present at Hazardous Waste Sites. Final Report. Prepared by 
Clement Associates, Arlington, VA. 

U.S. Environmental Protection Agency (EPA). 1995. Health Effects Assessment Summary 
Tables (HEAST). FY-1995 AMU~. Off%ze of Emergency and Remedial Response, 
Washington, DC. EPA 540/R-95/036. Publication No. 9200.6-303(95-l). NTIS NO. 
PB95-921199. 

Verschueren, K. 1983. Handbook of Environmental Data of Organic Chemicals. 2nd Ed. Van 
Nostrand Reinhold Co., New York, NY. 

N-33 



1 , 1-Dichloroethene 
Latest Revision: 09 Mav 1996 IO:30 

_-.. 
1 ,l-DICHLOROETHENE 

(CAS No. 107-06-t) 

INTRODUCTION 

1, 1-Dichloroethene, along with vinyl chloride, is primarily used in the production of copolymers 
with high 1) ldichloroethene content. It is used primarily in the production of food wraps and 
flame-retardant fabrics. 

l,l-Dichloroethene is considered highly volatile and readily migrates from water and soil to the 
atmosphere where it is photooxidized by reaction with hydroxyl radicals (EPA, 1985). Based on 
a soil sorption coefficient (KJ value of 65, this compound is expected to be only weakly sorbed 
to soils (ORNL, 1989). l,l-Dichloroethene is not expected to undergo hydrolysis or microbial 
degradation in natural systems, suggesting that it is persistent (ORNL, 1989). In unsaturated 
near-surface soils, depending on several factors including the percent organic material, about 
60 percent of the compound is expected in the gaseous phase, with only 3 percent in the aqueous 
phase and the balance sorbed to soil. In the deeper soils, 78 percent of the compound is expected 
to be in the aqueous phase. That portion of the compound that does not volatilize from the soil 
may be expected to be mobile in groundwater (ORNL, 1989). 

HUMAN HEALTH EFFECTS 

Noncarcinorrenic 
Chronic and subchronic oral reference doses (RfDs) are available from EPA (IRIS, 1996; EPA, 
1995a) and are presented in Table 1. Inhalation reference concentrations (RfCs) are currently 
under review by an EPA Work Group and no inhalation RfCs or RfDs are provided in IRIS 
(1996) or HEAST (EPA, 1995a). 

The oral RfDs were derived from a chronic oral bioassay by Quast et al. (1983) in which rats 

were provided drinking water containing either 50, 100, or 200 mg/L 1, ldichloroethene. The 
authors calculated intakes to be 7, 10, and 20 mg/kg/day for male rata and 9, 14, and 
30 mg/kg/day for female rats. The female rata evidenced hepatic lesions at all exposure levels, 
while the males only showed a significant effect at 200 mg/L. Therefore, the 
lowest-observed-adverse-effect-level (LOAEL) was set at 9 mg/kg-bw/day; a 
no-observed-adverse-effect-level (NOAEL) could not be determined. Applying an uncertainty 
factor of 1,000 to the LOAEL (10 for extrapolation of a LOAEL to a NOAEL, 10 for 
animal-to-human extrapolation, and 10 to protect sensitive subpopulations) results in a chronic 
oral RfD of 0.009 mg/kg/day. 

The results of a 2-year inhalation study indicate that reversible liver damage resulted in rats 
exposed initially to 10 ppm (39.7 mg/m3) for 5 weeks, then to 25 ppm (99.1 mg/m3) for 18 
months; no other dose-related effects were noted (EPA, 1984). Subchronically, rats exposed to 
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200 mg/L in their drinking water, which is approximately 35 mg/kg-bw/day, for 90 days 
evidenced changes in their hepatocytes. No effects were observed in beagle dogs exposed to as 
much as 25 mg/kg-bw/day (EPA, 1984). In a large experiment in which rats, guinea pigs, 
rabbits, dogs, and monkeys were exposed to a wide range of inhalation levels for 90 days, weight 
loss in several species was reported at the lowest exposure level of 5 ppm (20 mg/m’); mortality 
in guinea pigs was reported at the next highest exposure level of 16 ppm (61 mg/n?) (EPA, 
1984). From this experiment, the lowest exposure of 5 ppm may be considered the LOAEL. 

The limited information available on the systemic effects of inhaled 1, ldichloroethene in humans 
comes primarily from case reports and/or insufftciently detailed mortality studies wherein the 
concentration and duration of exposure to 1, ldichloroethene has not been quantified and 
concurrent exposure to other toxic substances cannot be ruled out (ATSDR, 1989). With these 
limitiations, available information suggests that short-term inhalation of 1, ldichloroethene can 
produce neurotoxicity, while repetaed low-level exposure may result in hepatic and renal damage 
(EPA, 1979; Henschler et-al., 1970). 

Carcinogenicite 
l,l-Dichioroethene has been classified by EPA (IRIS, 1996) as a Group C possible human 
carcinogen via ingestion and inhalation. This classification indicates limited evidence of 
carcinogenicity in animals with inadequate evidence of human carcinogenicity. Carcinogenic 
slope factors (CSFs) and supporting information are summarized in Table 2. 

EPA has established an oral CSF of 0.6 (mg/kg/day)* (IRIS, 1996) based on a single drinking 

water study in rats. 

An inhalation CSF of 0.175 (mg/kg/day)-’ was determined based on the results of an inhalation 
study by Maltoni et al. (1985) in which mice were exposed to 10 and 25 ppm for 4-5 days/week 
for 12 months. A statistically significant increase in kidney adenocarcinoma was noted in male 
mice. Although statistically significant increases in mammary carcinomas in female mice and 
pulmonary adenomas in both sexes were reported, dose-response relationships were unclear. A 
second Maltoni study exposed Sprague Dawley rats to 10, 25, 50, 100, or 150 ppm, 4-5 
days/week for 12 months and observed them until spontaneous death. A statistically significant 
increase in total mammary tumors, but not carcinomas alone, was seen only at 10 and lo(1, ppm. 
No dose-response relationship was apparent, and the overall interpretation of the mammary tumor 
incidence is inconclusive. Based on these studies, an inhalation unit risk @JR) of 5 x 10’ 
@g/m3)-’ was determined (IRIS, 1996). Assuming a healthy 70-kilogram adult inhales 20 m3/day 
of air, an inhalation CSF of 0.175 (mg/kg/day)-’ is developed (EPA, 1995b). This UR, and 
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resulting CSF, should not be used if the air concentration exceeds 200 pg/m3, since above this 
concentration the UR may not be appropriate. 
Animal pharmacokinetic data show that metabolite elimination is dose-dependent and saturable at 
inhalation concentrations of 150-200 ppm, or approximately 50 mg/kg ingestion. Vinylidene 
chloride is rapidly absorbed, has limited solubility, and is not stored in body tissues. 
Pharmacokinetics and metabolism data indicate that the available assays were not of adequate 
design. The positive Maltoni inhalation study comes-closest to achieving a maximum dose of 
metabolite, albeit less than lifetime exposure. The water CSF based on incidence data from a 
drinking water study was chosen because route of administration is appropriate to oral risk 

estimation. The oral CSF should not be used if the water concentration exceeds 600 pg/L, since 
above this concentration the CSF may not be appropriate. 

MutaPenicitv 

1, 1-Dichloroethene has been determined to be mutagenic to a number of species when in the 
presence, but not the absence, of a mammalian activating system (EPA, 1984). 
l,l-Dichloroethene is mutagenic, and a metabolite is known to alkylate and to bind covalently to 
DNA. It is structurally related to the known human carcinogen, vinyl chloride (IRIS, 1996). 

TeratoPeniciWReuroductive Effects 

No teratogenic effects were evidenced in rats and rabbits exposed to atmospheres containing up to 
160 ppm from day 6 through to parturition, although maternal toxicity and some evidence of 

fetotoxicity was observed (Murray, 1979). No fetotoxicity was observed in a 3-generation study 
in which rats were provided drinking water containing up to 200 mg/L (EPA, 1984). 

ECOTOXICITY 

Aauatic Orpanisms 

EPA (1986) reports an acute concentration of 11,600 pg/L for the dichloroethenes as the LOEC 
in aquatic systems. l,l-Dichloroethene has a relatively low octanol/water partition coefficient 
(5.37) and a BCF range from 20 to 30, which indicates that 1,ldichloroethene may not 
accumulate significantly in animals (Lyman et al., 1982). 1, 1-Dichloroethene is not very toxic to 

freshwater or saltwater fish species, with acute LC, values ranging from 80 to 200 mg/L (EPA, 
1980). Derived L&,/EC, values for 1, ldichloroethene are presented in Table 3. 

The 96-hour LC, for bluegill under static conditions was 73,900 pg/L. Two 48-hour tests using 
Daphnia magna as the test organism revealed EC, values of 11,600 and 79,000 pg/L. The cause 
of the differences between the two values could not be ascertained (EPA, 1978, 1980). The 
96-hour LC, for mysid shrimp exposed to 1, ldichloroethene was 224,000 pg/L, and the 96hour 
LC, value for the sheepshead minnow was 249,000 pg/L (EPA, 1978). 
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Terrestrial Organisms 

No information was found in the available literature concerning the toxicity of 1,ldichloroethene 
to vegetation, livestock, or wildlife. 

STANDARDS AND CRITERIA 

Human Receutors 

A summary of drinking water standards and criteria is presented as Table 4. 
EPA has promulgated both the enforceable (for public water supplies) Maximum Contaminant 
Level (MCL) and the nonenforceable MCL Goal (MCLG) of 7 PglL for 1,ldichloroethene based 
on an RfD and an assumed drinking water contribution of 20% (50 FR 46880;.November 13, 
1985). The RfD was calculated based on the drinking water equivalent level (DWEL) of 
350 pg/L from an animal study in which liver effects were noted. An additional safety factor of 
10 (for carcinogenicity) was applied (IRIS, 1996). Due to its carcinogenic ranking, the EPA 
ambient water quality criterion (AWQC) for the protection of human health should be zero pg/L. 
However, zero may not be attainable with present technology; therefore, the recommended 
AWQC for the 10s5 to the 107 risk levels range from 0.33 to 0.0033 pg/L for consumption of 
contaminated drinking water and aquatic organisms (IRIS, 1996). For consumption of aquatic 
organisms only, the recommended AWQC for the lo-’ to the 10’ risk levels range from 18.5 to 
0.185 pg/L, respectively (IRIS, 1996). These AWQC would yield values for human consumption 
of water alone (W) of 0.34, 0.034, and 0.0034 pg/L for lo”, 10e6, and lo-’ risks, respectively, 
based on the following equation: 

1 1 1 -=-+- 
W+F FV F 

No national ambient air quality standards (NAAQS) have been developed for 
1, ldichloroethene. However, the Occupational Safety and Health Administration (OSHA) has 
promulgated enforceable permissible exposure limits (PELs) for worker exposure (ACGIH, 1995). 
In addition, the National Institute of Occupational Safety and Health (MOSH) and the American 
Conference of Governmental Industrial Hygienists (ACGIH) have developed nonenforceable 
recommended exposure levels (RELs) and threshold limit values (TLVs), respectively (ACGIH, 
1995). These values are presented in Table 5. 

lkolokai Receutors 

No AWQCs have been developed for the protection of freshwater or marine organisms against 
exposure to 1,ldichloroethene (IRIS, 1995). However, the lowest levels observed to have an 
effect (LOELs) on the aquatic species tested have been determined for dichloroethenes as a class 
(IRIS, 1995). These LOELs, which are established when the minimum data required to derive 
AWQCs are not available, are presented in Table 6. 
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Table I. Noncarcinogenic Reference Doses and Potentiai Noncarcinogenic Effects 

: : : ,.,. : 
..: 

,j :i:i_ ~dhemicaI,,,l :j :: j’ 

..I,... 
:.: : 

: .,...:: :::: 
.I j j, ,! j j 

,. .:. 

0Rl.l 
ChlOlliC 

suhchronic 

Inhalation 
chronic 

subchronic 

:: .. ,: j .:: ,, .: : 
i. .:$&.&, .. 

Confid&ce: Criticat 
: ::,.j:....j:.,: ,j .:, ,; .:“,“F/R”ID. 

Levi?-I ! .. Effir‘t: ‘I:-‘;@&i$ ; 
. . .::,: :: 

: : :‘j;.,:: ,.,j : ; .: . ,. : : j ./ : :. ,... ‘. : 1.;:. :.. - : ,: I:..: :.:, j : 

0.009 0.009 Medium Medium 

0.009 0.009 Medium Medium 

Hepatic Hepatic 
lesions lesions 

Hepatic Hepatic 
lesions lesions 

IRIS, 1995 IRIS, 1995 

EPA, 1995a EPA, 1995a 

-- -- _- -- 

-- _- we _- 

1,000 H,N,S 

1,000 H,N,S 

Note: IRIS = 
Integrated Risk Information System. 

RtD= 
reference dose. 

RfC= 
reference concentration. 

--= 
Not available. 

LOAEL = 
lowest observed adverse effect level. 

NOAEL = 
no observed adverse effect level. 

*Uncertainty factors are typically multiples of 10 and are provided using the following codes: 
H= 

to extrapolate from an animal study to humans. 
N= 

to extrapolate from a LOAEL to a NOAEL. 
s = 

to protect sensitive human subpopulations. 
“A modifying factor is an extra safety factor (ranging from I to 10) incorporated in the RfD development to 
account for various other data deficiencies. 

Source: ESE. 
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Table 2. Carcinogenic Slope Factors and Potential Carcinogenic Effects 

Inhalation 

: .: : ,. . . . ..: : ,..: ,,j:ji . 
: ; : .ij.:. j . . :. :,: ‘..‘: :: :,,.: :. ,j..).:.‘.:j ‘::‘I ,,:,,,: ;: 

‘:. Caicinogenk,.:. 

.,’ SlC+Factor: 1 _ .: 
(CSFj 

,ij:. (mgl~lday)” 
: : :. 

0.6 C 

0.175’ C 

-- 

Kidney tumors 

IRIS, :1995 

EPA, 199Sb 

Note: C = 
possible human carcinogen (insufficient evidence of carcinogenicity in animals and no data in 
humans). 

UR = 
tit risk. 

‘InhaIation CSF based on an inhalation UR of 5 x 1W (pg/m3)-’ (IRIS, 1995) and assumes that a healthy 
70-kilogram adult inhales 20 m’/day of air. 

Source: ESE. 
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Table 3. Acute Toxicity of 1 , 1-Dichloroethene to Freshwater and Saltwater Organisms 

Species 

FRESHWATER SPECIES: 

Cladoceran 
Daphnia magna 

Cladoceran 
Daphnia magna 

Fathead minnow 
Pimephales promelas 

Fathead minnow 
Pimephales promelas 

Bluegill 
Lepomis macrochirus 

BIuegiU 
L.epomis rnarz-ochirus 

SALTWATER SPECIES: 

Mysid &imp 
Mysidopsis bahia 

Sheepshead minnow 
Cyprinodon variegate 

Note: -- = value not available. 

L&,/EC,,, 
WL) 

Species Acute 
Value @g/L) Reference 

11,600 _- 

79,000 30,300 

169,000 -_ 

108,000 108,000 

73,900 73,900 

Dill et al., Manuscript 

EPA, 1978 

Dill et al., Manuscript 

Dill ef al., Manuscript 

EPA, 1978 

135,000 135,000 EPA, 1978 

224,000 224,000 EPA, 1978 

249,000 249,000 EPA, 1978 

Source: ESE. 
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Table 4. Human Regulatory Criteria &g/L) 

II 1, I-Dichloroethene 

Note: SDWA = 
EPA Safe Drinking Water Act. 

MCL = 
maximum contaminant level. 

MCLG = 
maximum contaminant level goal. 

AWQC = 
EPA ambient water quality criteria. 

-- = 
no value available. 

‘Value is for a lo-kg child. 
bValue is based on the following formula: 

1 1 1 -=--+- 
W+F W F 

0.033' 1 1.85' ( 0.034 

‘Carcinogenic; value represents 106 cancer risk. 

Source: ESE. 
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Table 5. Air Quality Standards 

jj : 
Sfandard : : @g/m’) 

TWA 

STEL 

CL 

-- C 2oc 

-- C 79 c 

-- -- 

Note: TWA = time-weighted average concentration for a normal g-hour workday and a 40-hour 
workweek to which nearly all workers may be exposed on a daily basis without 
adverse effect. 

STEL = short-term exposure limit; 15-minute (unless otherwise specified) TWA exposure 
that should not be exceeded at any time during a workday even if the g-hour 
TWA is not exceeded. 

CL = ceiling level; unless otherwise specified, the concentration that should not be 
exceeded at any time during a work&y. 

c = designates that this chemical is regulated as a potential carcinogen. 

Source: ESE. 
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Table 6. Ambient Water Quality Standards 

Acute 

chronic -- I -- 

I- 
Source: ESE. 
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_O.~ 
TETRACHLOROETHENE 

(CAS No. 127-B-4) 

INTRODUCTION 

Tetrachloroethene, also known as tetrachloroethylene and perchloroethylene, is a colorless, 
nonflammable liquid with an ethereal, chloroform-like odor. It is produced mainly by the 
oxyhydrochlorination, perchlorination, and dehydrochlorination of hydrocarbons or chlorinated 
hydrocarbons such as 1,2-dichloroethane, propylene, propylene dichloride, and 1,1,2- 
trichloroethane @ISDB, 1996). The major industrial uses of tetrachloroethene are as a solvent, 
dry-cleaning agent, degreaser, fungicide, insecticide, and nematocide (ReproText, 1996). It is 
widely distributed in the environment, as evidenced by its detection in trace amounts in most 
United States’ waters and in aquatic organisms, air, food, and human tissue (EPA, 1980). 
Tetrachloroethene is a common air and groundwater pollutant (ReproText, 1996). 

Although found in most environmental media with a vapor pressure of 14 torr at 2O”C, 
tetrachloroethene is sufftciently volatile that it will dissipate rapidly into the air from water and 
surficial and near-surface soils, where it reacts with hydroxyl radicals. This is probably the most 
important fate and transport process for tetrachloroethene in the environment. Photolytic 
degradation in surface waters has been demonstrated, while hydrolysis occurs very slowly 
(ORNL, 1989). With an estimated soil sorption coefficient (KJ value of 660 and a measured K, 
value of 360, tetrachloroethene will sorb to soils and sediments (ORNL, 1989). In deeper soils 
where there is little oxygen, about 25 percent of the compound is estimated to solubilize into the 
groundwater and migrate from the area (ORNL, 1989). Microbial degradation is not believed to 
be a significant fate, except in biological waste treatment systems where microbes have been 
acclimated to the compound. Evidence of anaerobic degradation has been reported; however, it 
appears to be an insignificant pathway (ORNL, 1989). 

HUMAN HEALTH EFFECTS 

NoncarcinoPenic Effects 
Chronic and subchronic oral reference doses (RfDs) are available from EPA (IRIS, 1996; EPA, 
1995a) and are presented in Table 1. No inhalation reference concentrations (RfCs) or RfDs are 
provided for either chronic or subchronic exposure. 

The oral RfDs are based on a study by Buben and O’Flaherty (1985) in which mice were gavaged 
with tetrachloroethene in corn oil at doses ranging from 20 to 2,000 mg/kg for 6 weeks. 
Hepatotoxic effects were first observed at an exposure level of 100 mg/kg-bw/day. This vah~e, 
converted to 71 mg/kg-bw/day because exposure was only for 5 days per week, was established 
as the LOAEL. The next lowest dose was 20 mg/kg-bw/day, after converting to 

14 mg/kg-bw/day, was designated the NOEL. A NOEL of 14 mg/kg-bw/day was also established 
in a second study (IRIS, 1996) in which rats were dosed with drinking water at 14, 400, or 
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1,400 mg/kg-bw/day. Applying an uncertainty factor of 100 (10 for animal-to-human 
extrapolation and 10 for sensitive human subpopulations) to the NOEL results in an interim 
subchronic oral RID of 0.1 mg/kg/day. Applying an additional uncertainty factor of 10 to 
extrapolate from a subchronic study to chronic exposure results in a chronic oral RfD of 
0.01 mg/kg/day. 

No information regarding the noncarcinogenic effects in. humans following chronic or subchronic 
oral exposure was found in the available literature. In rats, chronic oral exposure led to toxic 
nephropathy at TWA intake levels as low as 300 mg/kg-bw/day in mice and 471 mg/kg-bw/day in 
rats (NCI, 1977). For humans exposed via inhalation, no subchronic information is available, but 
chronic exposure is reported to lead to respiratory irritation, nausea, sleeplessness, abdominal 
pain, and constipation (EPA, 1984). EPA (1984) reported liver cirrhosis, hepatitis, and nephritis 
following exposure, although the exposure levels were not provided. In rats exposed 
subchronically via inhalation, the liver, kidneys, and spleen evidenced pathologic changes at 
concentrations as low as 230 ppm; no effects were seen at 70 ppm, which may therefore Ibe 
designated a NOEL (EPA, 1984). The only chronic nonhuman inhalation information data 
provided by EPA (1984) concerned unspecified liver damage reported in rats exposed to 600 ppm 
for a year. 

CarcinoPenicitv 

Until 1992, EPA classified tetrachloroethene as a group B2 (probable human) carcinogen for both 
oral and inhalation exposure routes (EPA, 1991). This classification indicated that sufficient 
evidence existed to support carcinogenicity in animals, but inadequate evidence existed of 
carcinogenicity in humans. The data on which oral carcinogenicity was based are presented in an 
NC1 study (1977) in which rats and mice were orally exposed to tetrachloroethene through 
gavage. The inhalation unit risk was derived from an NTP inhalation study that used mice and 
rats (EPA, 1995a). 

EPA’s Carcinogenic Risk Assessment Verification Endeavor (CRAVE) Work Group is currently 
reviewing studies suggesting that the metabolic pathway responsible for the carcinogenicity of 
tetrachloroethene in animals may not be present in humans. Therefore, EPA has withdrawn the 
B2 carcinogenic classification and all CSFs until the new data is evaluated (IRIS, 1996). 
However, the EPA-NCEA Super-fund Health Risk Technical Support Center has developed an 

interim inhalation CSF of 0.00203 (mg/kg/day)-* and an oral CSF of 0.052 (mg/kg/day)-’ (EPA, 
1995b). A summary of the carcinogenic toxicity values is presented in Table 2. No data 
concerning human carcinogenicity following oral exposure are available and the only available 
human inhalation data concern dry cleaning workers who were exposed to trichloroethene and 
carbon tetrachloride as well as tetrachloroethene and no distinction can be made regarding levels 
of exposure to the three compounds (EPA, 1984). 
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Mutagenicitv 

Tetrachloroethene was found to be nonmutagenic in several tests including Salmonella typhirium 
and mouse lymphoma cells with or without metabolic activation (NTP, 1986. ReproText, 1996). 
Neither sex-linked recessive lethal mutations nor sister chromatid exchanges were induced (NTP, 
1986; ReproText, 1996). Tetrachloroethene has been reported to have weak activity in inducing 
unscheduled DNA synthesis in human cells in culture, in inducing mutations in fruit flies, in 
abnormal sperm morphology in mice, in chromosome aberrations in rat bone marrow and in a 
host-mediated microbial assay (ReproText, 1996). 

Teratoeenicitv/Reuroductive Effects 

Based on the results of a large Scandinavian study of occupational exposures, tetrachloroethene is 
one of many solvents implicated in increasing the risk of central nervous system effects and 
structural defects in children following maternal exposure during pregnancy. Because the women 
were exposed to a number of solvents, it is not possible to attribute these effects to 
tetrachloroethene alone (ReproText, 1996). 

Tetrachloroethene was described as teratogenic in chickens when injected into eggs, but the 
exposure levels were not presented (ReproText, 1996). Tetrachloroethene was not teratogenic in 
several rodent inhalation studies (ReproText, 1996). However, some developmental delays and 
embryotoxicity have been reported at similar levels, including lower weight gains, decreased 
performance on neuromotor tests, and lower brain levels of acetylcholine and dopamine (HSDB, 
1996). Fetotoxicity, fetal and maternal weight depression, and teratogenic effects were reported in 
rats and mice exposed to inhalation levels of 300 ppm on days 6 to 15 of gestation (EPA, 1984). 

ECOTOXICITY 

Aauatic Otx&isms 

Lay et al. (1984) evaluated the effects on an aquatic system that included nine phytoplanlcton 
species. While heterotrophic, mixotrophic, and autotrophic plankton were represented in the test, 
only the autotrophic evidenced any toxic effects. Water concentrations as low as 440 pg/L were 
lethal to three species; the fourth survived 1 week. No effects were reported in the other species 
at levels as high as 1,200 PglL. 

In aquatic systems, EPA (1980) states that the acute and chronic toxicity to freshwater aquatic life 
occur at 5,280 and 840 pg/L, respectively. Results of acute exposure studies involving 
freshwater vertebrates and invertebrates are presented in Table 3. 
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BCFs of 49 and 38.9 were established for bluegill sunfish and fathead minnows (HSDB, 1996). 
Based on reported and estimated BCFs, tetrachloroethene is not expected to significantly 
bioconcentrate in aquatic organisms (HSDB, 1996). 

Terrestrial OrPanisms 

For terrestrial vegetation, tetrachloroethene may be expected to act as surmised for chloroform. 
With a K, of 400, tetrachloroethene is partially miscible with water and is likely to cross into the 

root and be translocated within the plant. As a volatile lipophilic compound, any compound that 
does not volatilize may cross the cuticle into the plant. No information regarding its toxicological 
effects is known. Data for determining soil or water TRVs for vegetation are insufficient. 

In the early part of the twentieth century, tetrachloroethene was used as an anthelminthic 
compound against hookworms in humans and animals (Roberson, 1977; Negherbon, 1959).- 
Similar in action to carbon tetrachloride, it is reported to be better tolerated, in general, by most 
animals (Clarke and Clarke, 1975). Acute symptomsare those associated with central nervous 
system (CNS) toxicity, including dizziness and incoordination with occasional vomiting. If 
sufficient exposure occurs, this may lead to coma, circulatory collapse, and death. Liver and 
kidney damage have been reported following exposure to large doses that approached near-lethal 
levels (Klaassen and Plaa, 1966). Data concerning toxicity to terrestrial organisms are presented 
in Table 4. 

STANDARDS AND CRITERIA 
Human ReceDtors 

A summary of drinking water standards and criteria is presented as Table 5. Due to the former 
ranking of tetrachloroethene as a Group B2 suspect human carcinogen, EPA set a nonenforceable 
Maximum Contaminant Level Goal (MCLG) for drinking water of zero PglL and a Maximum 
Contaminant Level (MCL) of 5 pg/L, which is enforceable for public water supplies (52 FR 
25690, 7/08/87). Also due to its carcinogenic ranking, the EPA ambient water quality criterion 
(AWQC) for the protection of human health should be zero pg/L. However, zero may not be 
attainable with present technology; therefore, the recommended AWQC for the lo” to the 10’ risk 
levels range from 8 to 0.08 pg/L for consumption of contaminated drinking water and aquatic 
organisms (IRIS, 1996). For consumption of aquatic organisms only, the recommended AWQC 
for the 10’ to the 10’ risk levels range from 88.5 to 0.885 pg/L, respectively (IRIS, 1996). 
These AWQC would yield values for human consumption of water alone (W) of 8.8, 0.88, and 
0.088 pg/L for lo“, lOa, and lo-’ risks, respectively, based on the following equation: 

1 1 1 -z-t- 
W+F w F 
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If EPA determines tetrachloroethene to be a Group C carcinogen or noncarcinogenic in humans, 
the MCL of 5 pg/L, the MCLG of 0 pg/L, and the AWQCs will most likely be raised, since 
these drinking water values are based on potential carcinogenic effects in humans. 

EPA has not established regulations for tetrachloroethene under the Clean Air Act and no national 
ambient air quality standards (NAAQS) have been developed (IRIS, 1996). However, the 
Occupational Safety and Health Administration (OSHA) has promulgated enforceable permissible 
exposure limits (PELs) for worker exposure, (ACGIH, 1995). In addition, the American 
Conference of Governmental Industrial Hygienists (ACGIH) have developed nonenforceable 
threshold limit values (TLVs) (ACGIH, 1995). These values are presented Table 6. 

EkoloPi~i Receotors 

EPA AWQCs for the protection of freshwater and marine organisms are presented in Table 7 
(IRIS, 1996). The values reported are not criteria, but are the lowest effect concentrations 
(LECs) found in the literature. LECs are given when the minimum data required to derive water 

quality criteria are not available (IRIS, 1996). 
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Table 1. Noncarcinogenic Reference Doses and Potential Noncarcinogenic Effects 

Oral 

ChrolliC 

subcllronic 

Inhalation 
chronic 

subchronic 

. : : .““..‘.‘. ‘..T ..,. ‘: j ; jj ‘> T :;.:::‘E ,~ 

0.01 Medium 

0.1 Medium 

Liver lesions IRIS, 1996 1,000 C,H,S 

Liver lesions EPA, 1995a 1OOHS , 

-- -- -- -- -- 

-- -- _- -- -- 

Note: RfD = 
reference dose. 

we = 
No EPA Review. 

‘Uncertainty factors are typically multiples of 10 and are provided using the following codes: 
c= 

to extrapolate from a subchronic study to a chronic endpoint. 
H= 

to extrapolate from an animal study to humans. 
s = 

to protect sensitive human subpopulations. 
bA modifying factor is an extra safety factor (ranging from 1 to 10) incorporated in the RfD 
development to account for various other data deficiencies. 

,--. 

Source: ESE. 
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Table 2. Carcinogenic SIope Factors and Potential Carcinogenic Effects 

Oral 0.052 

Inhalation 0.00203 

B2 

B2 

Liver tumors 

Liver tumors 

EPA, 1995b 

EPA, 1995b 

Note: B2 = 
suspect human carcinogen (sufficient evidence of carcinogenicity in animals and 
inadequate data in humans). 

UR = 
unit risk. 

Source: ESE. 
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Table 3. Toxicity of Tetrachloroethene to Aquatic Organisms 

: ::: :..‘.:. ,:,,.: :‘, .,,, j : .. 
,, :: j : :x, : 

., .::,:. .: j : :j,i .“: ,. :. .:. :. : ‘., 

GUPPY 
(Poecilia reticulara) 

Fathead minnow 
(Pimephales promelas) 

Bluegill 
(Lepomis macrochirus) 

Water flea 
(Daphnia magna) 

Rainbow trout 
(Salmo gairdneri) 

Dab 
(Limatula lima&) 

Midge 
(Tanrytarsus dissimilis) 

Mysid shrimp 
(Mysidopsis bahia) 

Sheepshead minnow 
(Cyprinodon variegatus) 

18.0 

18.4 

13.0 

18.0 

5.0 

5.0 

0.03 

10.2 

29.4 

HSDB, 1996 

HSDB, 1996 

HSDB, 1996 

HSDB, 1996 

HSDB, 1996 

HSDB, 1996 

HSDB, 1996 

EPA, 1978 

EPA, 1978 

Source: ESE. 
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Table 4. Toxicity of Tetrachloroethene to Terrestrial Organisms 

.: 
.. 

,’ ::’ ,: :y.: 
. . 
.: (j&Y&h,. 

:. :: . . . . . . ., 

Cat 

Calf 

Calf 

Chicken 

Dog 

Horse 

Mouse 

Mouse 

Pig 

Rabbit 

Rat 

Rat 

Sheep 

: 
‘: Concentration 

-‘bided 1 

4,000 

0.14 

0.25 

1.0 

4,000 

0.11 

8,100 

71 

1.0 

5,m 

2,630 

14 

0.36 

.: 
.I 

,.. :j 1.1 

L&a 

Liver Damage 

Liver and 
Kidney Damage 

LOAEL 

J-D, 

Liver Effects 

Do 

LOAEL 

LOAEL 

LJL 

I-no 

NOAEL 

Minor Liver Effects 

,‘. : .:;,: .:..: :..: ,..::s ... . . .: 
..j : 1: ,:: : ..:,:, .: y...:.:, . . . . :... . . . . . ::..:. 
..:: .: .y:,,; ,, .;.: .:.:::‘.:.:.:::(.j:j-I ::,, ;... 

,..: 
::. ..: 

.‘,: ::R~~enceli.:;.~,.:i’:‘;‘:‘:::.i-::”::i:j..::i 

. 
.:.... ,:y:.:. 

RTECS, 1996 

Schlingman and Gmhzit, 1926 

Scldingman and Gruhz.it, 1926 

Scblingman and Gruhzit, 1926 

RTECS, 1996 

Schlingman and Gruhzit, 1926 

RTECS, 1996 

IRIS, 1996 

Schlingman and Gruhzit, 1926 

RTECS, 1996 

RTECS, 1996 

IRIS, 1996 

Schlingman and Gcuhzit, 1926 

Source: ESE 
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Table 5. Human Regulatory Criteria @g/L) 

Tetrachloroethene 5.0 0 -- -_ zoo0 1,400 10 87 14.1 -- 

Note: SDWA = EPA Safe Drinking Water Act. 
MCL = maximum contaminant level. 

MCLG = maximum contaminant level goal. 
AWQC = EPA ambient water quality criteria. 

__ = no value available. 
‘Value is based on the following formula: 

1 1 1 -=-+- 
W+F W F 

Source: ESE. 
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TabIe 6. Air Quality Standards 

Note: TWA = time-weighted average concentration for a normal g-hour workday and a 40-hour 
workweek to which nearly all workers may be exposed on a daily basis without 
adverse effect. 

STEL = short-term exposure limit; 15-minute (unless otherwise specified) TWA exposure that 
should not be exceeded at any time during a work&y even if the g-hour TWA is not 
exceeded. 

CL = ceiling level; unless otherwise specified, the concentration that should not be exceeded 
at any time during a workday. 

C = designates that this chemical is regulated as a potential carcinogen. 

Source: ESE. 
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Table 7. Ambient Water Quality Criteria &g/L) 

Acute 

chronic 

Source: ESE. 
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l,l,l-TRICHLOROETHANE 

(CAS No. 71-55-6) 

INTRODUCTION 

1, 1, 1-Trichloroethane is widely used as a cleaning solvent because of its nonflammability and 
solvent properties and in aerosols because of its volatility. It is also used as a coolant and 
lubricant in metal cutting oils, in inks and drain cleaners, and as a chemical intermediate in the 
production of 1, ldichloroethylene. 

With a solubility in water of 4,400 mg/L (Verschueren, 1983), l,l,l-trichloroethane is considered 
water soluble. This compound is also highly volatile in aqueous systems and disperses from 
surface water primarily by volatilization to the atmosphere, where it is photooxidized by reaction 
with hydroxyl radicals (ORNL, 1989). Transport of vapors through the air-filled pores of 
unsaturated soils is an important pathway for near-surface soils (Pavlou, 1980). Alternatively, 

evidence exists that a moderate degree of sorption to soils, sediments, and organic material 
occurs, based on the value of 152 reported for the soil sorption coefficient (KJ (EPA, 1986). 
The combined water solubility, soil sorption, and organic partitioning data suggest that this 
compound may volatilize from soil surfaces, but that the portion not removed by volatilization 
will exhibit some degree of environmental mobility (Pavlou, 1980). 

HUMAN HEALTH EFFECTS 

Noncarcino~enic Effects 

EPA has withdrawn the chronic oral reference dose (RfD) and chronic inhalation reference 
concentration (RfC) for 1 , 1, 1-trichloroethane pending further evaluation (IRIS, 1996; EPA, 

1995a). However, chronic oral and inhalation RfDs of 0.09 and 0.29 mg/kg/day, respectively, 
are provided in the latest version of EPA Region III’s Risk-Based Concentration Table (EPA, 
1995b) and are preented in Table 1. No subchronic oral or inhalation toxicity values were located 
in the available literature (EPA, 1995a). 

1, 1,1-Trichloroethane is a central nervous system (CNS) and respiratory depressant, as well as a 
skin and mucous membrane irritant. Like many solvents, l,l,l-trichloroethane will defat the 
skin, causing redness and scaliness. Absorption through the skin can occur but is not a significant 
route of toxic exposure. 1, 1, I-Trichloroethane is one of the least toxic of the chlorinated 
hydrocarbons used as a solvent (HazardText, 1996). Over the last few years, instances of 
1 , 1, 1-trichloroethane toxicity have increased due to the use of the substance as a mind-altering 
drug. An overdose via inhalation may produce unconsciousness, seizures, respiratory arrest, and 
even cardiovascular abnormalities. Numerous reports have apparently described sudden death 
after snifftng 1, 1, 1-trichloroethane. Human systemic effects by ingestion and inhalation include 
conjunctival irritation, hallucinations or distorted perceptions, motor activity changes, irritability, 
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aggression, hypermotility, diarrhea, nausea or vomiting and other gastrointestinal changes 
(HazardText, 1996). 

l,l,l-Trichloroethane is rapidly absorbed by ingestion, inhalation, and through the skin. In acute 
exposures it produces a pattern of skin, eye, and respiratory irritation, and of CNS depression. 
Symptoms of CNS depression include headache, weakness, dizziness, nausea, loss of coordination 
and judgement, with coma and death at higher doses, Short-term exposures of 250 to 550 ppm 
increased reaction time and impaired manual dexterity (Clayton and Clayton, 1981). At 
1,000 ppm, equilibrium was disturbed. At 1,900 to 2,650 ppm there was irritation of the throat 
and light-headedness, headache and lassitude. Concentrations greater than 5,000 ppm are 
regarded as life-threatening, with 6000 to 20,000 ppm conferring risk of a sudden death syndrome 
(Droz et al., 1982). 

1, 1, 1-Trichloroethane is known from controlled studies in dogs to be a cardiac sensitizer, which 
involves increasing the sensitivity of the heart to epinephrine with resulting arrhythmias and 
fibrillation (Reinhardt et al., 1973). The cardiac effects of l,l,l-trichloroethane may play a role 
in cases of sudden death from exposure to high concentrations. Generally death from exposure to 

concentrations greater than 5,000 ppm is due to respiratory arrest (a consequence of its CNS 
depressant effects) and to peripheral vascular collapse (HSDB, 1996). 

When repeatedly applied to the skin, trichloroethane has a defatting action. Voluntary exposure 
to 500 ppm l,l,l-trichloroethane in repeated exposures caused fatigue. The l,l,l-trichloroethane 
equilibrated in the subjects after 3 to 4 days, but was still detectable in the breath up to 1 month 
after exposure ceased (Stewart ef al., 1969). It is possible that some of the sudden deaths from 

occupational exposure to 1 , 1,l -trichloroethane may involve a chronic component of its toxicity, 
particularly in relation to its role as a cardiac sensitizer (King et al., 1985). 

Limited chronic human inhalation data suggest disruption of CNS functions in individuals exposed 
to 350 ppm for 3 hours (EPA, 1984). The only available chronic inhalation study using 
experimental animals resulted in focal hepatocellular changes in female rats exposed to air 
concentrations of 1,750 ppm over a 12-month period (EPA, 1984); the next highest exposure 
level of 875 ppm appeared to represent a NOEL for the study. 

Carcinogenicitv 

EPA has classified l,l,l-trichloroethane as a group D (not classifiable) carcinogen (IRIS, 1996). 
This classification was given to this compound because there are no reported human data, and 
animal studies (one lifetime gavage and one intermediate inhalation) have not demonstrated 
carcinogenicity. 
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Mutagenicity 

Laboratory results on the mutagenic effects of 1, 1, 1-trichloroethane on various species are 
equivocal or confused. Only a few SaZmoneZZa typhirium strains evidenced a positive reaction for 
mutagenicity when exposed to l,l,l-trichloroethane (EPA, 1984). An isomer, 
1,1,2-trichloroethane, is carcinogenic in mice, inducing liver cancer and pheochromocytomas in 
both sexes. Dichloroethanes, tetrachloroethanes, and hexachloroethane also produced liver cancer 

in mice and other types of neoplasms in rats. It should be noted that 1,4dioxane, a known 

animal carcinogen that causes liver and nasal tumors in more than one strain of rats and 
hepatocellular carcinomas in mice, is a contaminant of technical-grade l,l,l-trichlorethane (IRIS, 
1996). 

Teratogenicitv/Reuroductive Effects 

No teratogenicity was observed in pregnant rats or mice exposed to 875 ppm on days 6 to 15 of 
gestation (Schwetz et al., 1984). In experiments using mice and oral doses of 
l,l,l-trichloroethane up to 1,000 mg/kg/day, no effects on fertility, gestation, viability, lactation, 
or survival and weight gain of the offspring were observed (Lane et al., 1982). Rats given 2100 

ppm 1, 1 , 1-trichloroethane by inhalation had offspring with lower fetal weights and delayed 
development of bones and kidneys, findings not regarded as teratogenic by the authors (York 

et al., 1982). This study was interpreted by the authors as showing embryotoxic effects of 
1, 1, 1-trichloroethane. 

The body of evidence in animal studies suggests that trichloroethane is not a reproductive hazard 
even at high doses. 

ECOTOXICITY 

Aauatic Organisms 

No information of the effects of l,l, 1-trichloroethane on aquatic plants or invertebrates was found 

in the reviewed literature. 

In fish, the lowest 96hour LC, reported was 52,800 pg/L for fathead minnow (Pimepha.Zes 

promelas), whereas an effective concentration (EC,) of 11,100 pg/L was reported for juveniles 
(Alexander et al., 1978). Juvenile bluegill sunfish (Lepomis rnachrochirus) had a 96-hour LC, of 
40,000 pg/L (Buccafusco ef al., 198 1) and bioconcentration of 1, 1 , 1-trichloroethane has also been 
reported for this species (sarrows et al., 1980; Davies and Dobbs, 1984). 

Terrestrial Orpanisms 

No information on the effects of 1 , 1, 1-trichloroethane on terrestrial plants or invertebrates was 
found in the reviewed literature. 
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Oral doses of 750 and 1,500 mg/kg/day administered to rats resulted in respiratory and other 

problems and, ultimately, death in all but 3% of the rats treated (NCI, 1977). Single oral doses 
of 5,660 mg/kg were lethal (LD,) to female rabbits whereas doses of 9,470 mg/kg were lethal to 
male guinea pigs (Verschueren, 1983). Continuous exposure to air containing up to 370 ppm for 
90 days or 2200 ppm for 8 hours, 5 days/week over a period of 6 weeks produced no symptoms 
of toxicity in rats, guinea pigs, squirrel monkeys, rabbits, and dogs (Prendergast et al., 1967). 
Inhalation of air containing 24,000 ppm for 1 hour to 14,000 ppm for 7 hours was lethal to rats 
(IX,) whereas the reported LC, for mice was 13,500 ppm for 10 hours (Verschueren, 1983). 

Rats tolerated 204 ppm for 3 months with no apparent ill effects (Eben and Kimmerle, 19’74). 
Rats exposed to 1 , 1,l -trichloroethane at 500 to 4000 ppm for 4 days showed withdrawal 
syndrome characterized by handling-induced convulsions upon removal from exposure. 
Re-exposure to 1 , 1, 1-trichloroethane reduced the severity of the convulsions, ,and toluene, 
ethanol, pentobarbital, or midazolam were also effective in reducing effects of withdrawal. These 
results suggest that 1, 1 , 1-trichloroethane can induce physical dependence similar to that of 
CNSdepressant drugs (Evans and Balster, 1993). 

Rats exposed to 1 , 1, 1-trichloroethane by inhalation at concentrations up to 2,000 ppm for 
13 weeks showed no changes in neurologic function, as determined by a functional observational 
battery, or clinical or morphologic findings, except for diminished forelimb grip performance in 
the 2000 ppm group (Mattsson et al., 1993). 

STANDARDS AND CRITERIA 

Human ReceDtors 

A summary of drinking water standards and criteria is presented as Table 2. EPA has 
promulgated an enforceable (for public water supplies) Maximum Contaminant Level (MCIL) and 
a nonenforceable MCL Goal (MCLG) for drinking water of 200 pg/L (56 FR 30266). 

Although inhalation appears to be the primary exposure route for 1, 1, 1-trichloroethane, EPA 
concluded that current information does not indicate that 1, 1, 1-trichloroethane endangers public 
health at ambient concentrations (excluding emergency releases). Therefore, no regulation 

directed specifically at 1, 1, I-trichloroethane is necessary at this time under the Clean Air Act and 
no national ambient air quality standards (NAAQS) have been developed for l,l,l-trichloroethane 
(IRIS, 1996). However, the Occupational Safety and Health Administration (OSHA) has 
promulgated enforceable permissible exposure limits (PELs) for worker exposure (ACGIH, 1995). 
In addition, the National Institute of Occupational Safety and Health (NIOSH) and the American 
Conference of Governmental Industrial Hygienists (ACGIH) have developed nonenforceable 
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recommended exposure levels (RELs) and threshold limit values (TZVs), respectively (ACGIH, 
1995). These values are presented in Table 3. 

TWA is the time-weighted average concentration for a normal S-hour workday and a 4Oihour 
workweek to which neariy all workers may be exposed on a daily basis without adverse effect. 
The short-term exposure limit, or STEL, is the Vi-minute (unless otherwise specified) TWA 
exposure that should not be exceeded at any any time during a workday even if the &hour TWA 
is not exceeded. The ceiling level, or CL, unless otherwise specified is the concentration that 
should not be exceeded at any any time during a workday. The “s” after the criteria value 
designates that the listed agencies consider exposure through the skin, mucous membranes, and/or 
eyes to be a potential significant exposure route. 

Ecological Recenters 
No AWQCs have been developed for the protection of freshwater or marine organisms against 
exposure to 1, 1, l-trichloroethane (IRIS, 1996). However, a concentration of 31,200 pg/L was 
the lowest level observed to have an acute effect (LOEL) on the marine species tested (IRIS, 
1996). LOELs are established when the minimum data required to derive AWQCs are not 
available. In addition, an acute freshwater LOEL of 18,000 pg/L was observed for trichlorinated 
ethanes as a class of chemicals (IRIS, 1996). 
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Table 1. Noncarcinogenic Reference Doses and Potential Noncarcinogenic Effects 

subchroIlic 

Inhalation 
chronic 

subchronic 

0.09” 

_- 

0.29” 

-- 

j 

Confidence i 
Levei 

Liver toxicity EPA, 1995b 

-- 

L.. 

Liver toxicity EPA, 1995b 

! ! 
1,m 
C,:K,S 

Note: IRIS = Integrated Risk Information System. 
RfD = reference dose. 
RfC = reference concentration. 

- = Not available. 

*Uncertainty factors are typically multiples of 10 and are provided using the following codes: 
C = to extrapolate from a subchronic study to a chronic endpoint. 
H = to extrapolate from an animal study to humans. 
S = to protect sensitive human subpopuiations. 

“A modifying factor is an extra safety factor (ranging from 1 to 10) incorporated in the RfD development to 
account for various other data deficiencies. 

*EPA has withdrawn this value from IRIS. 

Source: ESE. 
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1 , 1 , 1-Trichloroethane 200 200 -- 100,000 40,000 40,000 200 18,400 1,030,000 18,700 

Note: SDWA = EPA Safe Drinking Water Act. 
MCL = maximum contaminant level. 

MCLG = maximum contaminant level goal. 
AWQC = EPA ambient water quality criteria. 

‘Value is for a IO-kg child. 
bValue is based on the following formula: 

1 1 1 -=A+- 
W+F w F 

Source: ESE. 
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Table 3. Air Quality Criteria 

. 

‘, .i .. 
:j : 

g.&& 

: ‘(mg,&“j ; : 

.: 

TWA 

STEL 

CL 

1,900 1,910 

- 

2,450 -- 2,460 

- 

mm 1,910 (15 min) -- 

- 

Source: ESE. 
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TRICHLOROETHENE 

(CAS No. 79-01-6) 

INTRODUCTION 

Trichloroethene (ICE) is widely used as an industrial solvent, particularly in metal degreasing 
(ORNL, 1989). It is also used in a variety of miscellaneous applications such as a 

low-temperature heat exchange fluid, as a fumigant, as a diluent in paints and adhesives, in 
aerospace operations, i.e., to flush liquid oxygen, and in textile processing (ORNL, 1989). It 
was previously used as an extractant in food processing and as an anesthetic, but it is no longer 
used for these purposes because of possible carcinogenic activity (ORNL, 1989). 

TCE is expected to be relatively mobile in the soil/groundwater system as, at 1,000 mg/L at 
2O”C, it is soluble in water. TCE has a low soil sorption coefficient (KJ which, with an 
estimated value of 127 and a log octanol-water partition coefficient (log K,J of 2.42, indicates 
that it will not be strongly bound to soils (ORNL? 1989). Based on the vapor pressure of 60 torr 
at 2O”C, transport of TCE vapors through the air-filled pores of unsaturated soils followed by 
photooxidation is an important loss mechanism for near-surface contaminated soils (ORNL, 1989). 
Upon reaching the atmosphere from surface waters and soil surfaces, TCE reacts with hydroxyl 
radicals to produce hydrochloric acid, carbon monoxide, carbon dioxide, and carboxylic acid 
(EPA, 1985a). In saturated subsurface soils (where soil organic carbon and soil air are 
negligible), a much higher fraction of the TCE is expected to be present in the soil-water phase 
and transported with flowing groundwater (ORNL, 1989). Because TCE is a low molecular 

weight chloroaliphatic, it is not rapidly metabolized in the environment, although it can be 
degraded by acclimated microbial populations (ORNL, 1989). Under normal environmentaI 

conditions, TCE is not expected to undergo rapid hydrolysis (ORNL, 1989). 

HUMAN HEALTH EFFECTS 

Noncarcinogenic Effects 

EPA has not derived any chronic or interim subchronic oral reference doses (RfDs) or inhalation 
reference concentrations (Rfcs) for TCE (IRIS, 1996; EPA, 1995a). However, the EPA-:NCEA 
Super-fund Health Risk Technical Support Center of the Environmental Criteria and Assessment 
Office (ECAO) has developed a provisional chronic oral RfD, which has been adopted by EPA 
Region III (1995b) and is presented in Table 1. Based on a subchronic oral 
no-observed-adverse-effect level (NOAEL) in mice of 18.4 mg/kg/day and applying an 
uncertainty factor of 3,000 (10 for sensitive human subpopulations, 10 for animai-to-human 
extrapolation, 10 for extrapolation from a subchronic study to a chronic endpoint, and 3 to 
account for deficiencies in the database), a provisional chronic oral RfD of 0.006 mg/kg/day is 
derived (EPA, 1993). No data are available for developing an inhalation RfD for TCE (IRIS, 
1996). 
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Animal studies indicate that TCE is capable of causing kidney and liver damage, neurotoxicity, 
and dermatological reactions following chronic inhalation exposure to levels greater than 
2;OO0 mg/m3 for 6 months. NIOSH reported a lowest observed lethal concentration for humans 

of 2,900 ppm (15,600 mg/m3) after acute inhalation exposure (ATSDR, 1988). 

Effects of short-term human exposure include mild eye irritation, nausea, vertigo, headache and 
confusion. Unconsciousness and death may occur following exposure to excessive concentrations 
(ATSDR, 1988). Chronic oral exposure of humans to TCE is characterized by dizziness, nausea, 
headache, ataxia, decreased appetite, and sleep disturbances (ATSDR, 1988). The acute oral 
toxicity of TCE is low in animals as indicated by acute oral LD, values that range from 
2,400 mg/kg for a mouse to 7,330 mg/kg for a rabbit (ATSDR, 1988). The acute LD, for the 
rat is reported as 4,920 mg/kg (EPA, 1985b). Increased organ and body weights and increased 
protein and ketones in urine were observed in mice exposed to levels between 660 and 
790 mg/kg/day (USATHAMA, 1989). EPA (1984) reported 18 mg/kg/day as the NOEL for 
TCE. 

Carcinogenicitv 
Until 1989, EPA classified TCE as a group B2 (probable human) carcinogen (EPA, 1993). This 

classification indicated that sufftcient evidence existed to support carcinogenicity in animals but 
inadequate evidence existed of carcinogenicity in humans. The results of several mouse bioassays 
indicated an increased incidence of liver tumors following oral gavage exposure and an increased 
incidence of lung tumors following inhalation exposure (EPA, 1984). Through 1989, EPA had 

listed cancer slope factors (CSFs) for oral and inhalation exposure to TCE of 0.011 and 
0.017 (mg/kg/day)“, respectively (EPA, 1991). 

EPA’s Carcinogen Risk Assessment Verification Endeavor (CRAVE) Work Group is currently 
reviewing studies suggesting that the metabolic pathway responsible for the carcinogenicity of 
TCE in animais may not be present in humans. Therefore, EPA has withdrawn the B2 
carcinogenic classification and all CSFs until the new TCE data is evaluated (IRIS, 1996). For 

comparison purposes, the former oral CSF of 0.011 (mg/kg/day)-’ may be used (EPA, 1995b). 
However, EPA-NCEA has developed an interim inhalation CSF of 0.006 (mg/kg/day)-‘. This 

value has been adopted by EPA Region III and replaces the higher value of 0.017 (mg/kg/day)’ 
(EPA, 1995b). 

Mutapenicity 

Positive to weakly positive responses have been noted in a mammalian transformation and in 
bacterial and yeast test systems (ORNL, 1989). In addition positive responses were observed in 
an in vivo spot test mutation assay in mice (ORNL, 1989). Weakly positive responses have been 
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observed in a sister chromatid exchange study, but no increase in chromosome aberrations were 
observed (ORNL, 1989). 

Terato!zenicitv/Renroductive Effects 
No epidemiological studies of congenital anomalies in children born to women exposed to ‘TCE 
during pregnancy have been reported (TERIS, 1996). 

Developmental toxicity studies with TCE indicate that it is fetotoxic but is neither mutagenic nor 
teratogenic to rodents following inhalation exposure. However, one of the potential intermediate 
metabolites, chloral hydrate, is mutagenic. No fetotoxicity or teratogenicity was reported in 
pregnant mice and rats exposed to air levels of 300 ppm for 7 hours/day on gestational days 6 
through 15 (Shepard, 1996). However, anomalies of skeletal and soft tissues indicative of 
developmental delay were reported in offspring of pregnant rats exposed to 1,800 ppm for 
6 hours/day for 2 weeks before pregnancy and the first 20 days of gestation (Shepard, 1996). 
Other effects related to TCE exposure include delayed ossification of the skeleton, increases in 

resorptions and decreases in the fetal body weights of rats (ATSDR, 1988). Increased sperm 
abnormalities were reported in mice exposed to 3,000 ppm for 4 hours/day for 5 days (Shepard, 
1996). This latter concentration is 50 percent greater than the reported chronic toxic value. 

ECOTOXICITY 

Aauatic Orvanisms 

Static tests with Daphnia magna resulted in 48-hour EC, values ranging from 41,000 to 
100,000 ,ug/L (EPA, 1980). TCE is acutely toxic to D. magna at levels 85.2 mg/L in a static 
48-hr LC50 test (EPA, 1978) (see Table 1). Chronic tests indicated no adverse effects on .D. 
magna at 10 mg/L, the highest level tested (EPA, 1978). In a natural pond, doses of 0.025 and 
0.110 pg/L decreased D. magna populations but increased phytoplankton populations (Lay et al., 

1984). Tests with Daphnia pulex provided values ranging from 39,000 to 51,000 pg/L (EPA, 
1980). In flow-through tests with the fathead minnow, the 96-hour LC, was 40,700 pg/L, while 
the value associated with static tests was 66,800 PglL; fathead minnows evidenced loss of 
equilibrium at 21,900 pg/L (USATHAMA, 1989). The 96-hour LC, for bluegill was 
44,700 pg/L (USATHAMA, 1989). EPA reports LOECs for acute and chronic exposures to 
TCE of 45,000 and 21,900 pg/L, respectively (IRIS, 1996). Applying an uncertainty factor of 10 
to the chronic freshwater LOEC provides a water toxicity reference value (TRV) of 2,200 PgfL 
for aquatic organisms. 

P-=-Y 

TCE does not accumulate in aquatic organisms to any great extent. A BCF of 17 for bluegill 
(Lepumis nuzcrochirus) was observed after an exposure duration of 14 days (EPA, 1978). The 
biological half-life is less than 1 day, suggesting that residue accumulation is not a concern for 
aquatic life (EPA, 1980). 
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TerrestriaI Owanisms 

No data regarding the toxicity of TCE to vegetation were identified in the available literature. No 
data concerning the toxicity of TCE to domestic livestock or terrestrial wildlife were identified. 

STANDARDS AND CRITERIA 

Human Receutors 

A summary of drinking water standards and criteria is presented as Table 2. Due to the former 
ranking of TCE as a Group B2 suspect human carcinogen, EPA set a nonenforceable Maximum 
Contaminant Level Goal (MCLG) for drinking water of zero pg/L and a Maximum Contaminant 
Level (MCL) of 5 pg/L, which is enforceable for public water supplies (52 FR 25690, 7/08/87). 
Also due to its carcinogenic ranking, the EPA ambient water quality criterion (AWQC) for the 
protection of human health should be zero pg/L. However, zero may not be attainable with 
present technology; therefore, the recommended AWQC for the 10’ to the 107 risk levels range 
from 27 to 0.27 pg/L for consumption of contaminated drinking water and aquatic organisms 
(IRIS, 1996). For consumption of aquatic organisms only, the recommended AWQC for the 10s 
to the 10m7 risk levels range from 807 to 8.07 pg/L, respectively (IRIS, 1996). These AWQC 
would yield values for human consumption of water alone (W) of 28, 2.8, and 0.28 pg/L for 10’, 
104, and 10.’ risks, respectively, based on the following equation: 

--CL+1 1 
W+F W F 

If EPA determines TCE to be a Group C carcinogen or noncarcinogenic in humans, the MCL of 
5 pg/L, the MCLG of 0 pg/L, and the AWQCs will most likely be raised, since these drinking 

water values are based on potential carcinogenic effects in humans. 

No national ambient air quality standards (NAAQS) have been developed for 
TCE. However, the Occupational Safety and Health Administration (OSHA) has promulgated 
enforceable permissible exposure limits (PELs) for worker exposure (ACGIH, 1995). In addition, 

the National Institute of Occupational Safety and Health (NIOSH) and the American Conference 
of Governmental Industrial Hygienists (ACGIH) have developed nonenforceable recommended 
exposure levels (RELs) and threshold limit values ~VS), respectively (ACGIH, 1995). These 
values are presented in Table 3. 

l?coloeicaI ReceDtors 
No AWQCs have been developed for the protection of freshwater or marine organisms against 
exposure to TCE (IRIS, 1996). However, the lowest levels observed to have an effect (LOELs) 
on the aquatic species tested have been determined (IRIS, 1996). These LOELs, which are 
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established when the minimum data required to derive AWQCs are not available, are presented in 

Table 4. 
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Table 1. Acute Toxicity of TCE to Freshwater Organisms 

Species 

FRESHWATER SPECIES: 

Cladoceran 
Daphnia magna 

Cladoceran 
Daphnia magna 

Cladoceran 
Daphnia magna 

Cladoceran 
Daphnia magna 

Cladoceran 
Daphnia magna 

Cladoceran 
Daphnia magna 

Cladocexm 
Daphnia magna 

Cladoceran 
Daphnia puke 

Cladoceran 
Daphnia pukx 

Fathead minnow 
Pimephales promelas 

Fathead minnow 
Pimephak?s promelm 

Bluegill 
Lepomis macrochirus 

L&/EC, Species Acute 
G.M-) Value @g/L) 

85,200 -- 

100,000 

94,ooo 

41,000 

43,000 Canton and Adema, 1978 

55,000 Canton and Adema, 1978 

56.000 64,000 Canton and Adema, 1978 

51,000 

39,000 

40,700 

66,800 

44,700 

Reference 

-- 

-- 

-- 

45,000 

40,700 

44,700 

EPA, 1978 

Canton and Adema, 1978 

Canton and Adema, 1978 

Canton and Adema, 1978 

Canton and Adema, 1978 

Canton and Adema, 1978 

Alexander et ai., 1978 

Alexander et al., 1978 

EPA, 1978 

Note: -- = value not available. 

Source: ESE. 

N-76 



Table 2. Human Regulatory Criteria bg/L) 

Note: SDWA = EPA Safe Drinking Water Act, 
MCL = maximum contaminant level. 

MCLG = maximum contaminant level goal. 
AWQC = EPA ambient water quality criteria. 

-- = no value available. 

‘Carcinogenic; value represents 1O-6 cancer risk. 
bValue is based on the following formula: 

1 1 1 -se+- 
W+F W F 
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Table 3. Air Quality Standards 

:; .’ :; .’ 

: :: i :: 
:.: :.: : +n&rd ! +n&rd 

: : :. :. :. :. 1. .(mg/d); 1. .(mg/d); 
. . 

TWA 

STEL 

CL CL 

: : 
.: .., ‘.,: .’ 

: .:‘f : :j: ‘.. ,: : 
.: ., .j:::. :, ,: ,: ,, . . 

..: :,.,. ..,. :,. . ...:.,:.. I:’ :: ; :I:‘., ,:., ;: ; .A: .; ,; 
: 

., .’ ;.:, : :‘: 
: .: j 

..: 

.‘. ., ,;i ,. :... &~&P~;;.~z.;i 
::::.:.::(:I,,::. 

; : j:.. ., :..:::q . . . . 
ji ,:,,. j.:>: 

;,,;: .: :::.: 

OSHAPEL. ,’ 
.,,. :~:.:.:::.,..:: ,... ..: 1. ., . 

,, .: . . . 
ACTElr;v: ‘. :.c, : : 

: : : : ,. 
..:::: ,:2,: ,i .: 

.‘. : 
. .j’: ::..2 

” : ,:, :, ,:::..:. .::: : : 

I 

270 
I 

135 c 
I 

269 

C 537 

1,620 1,620 
(5millpeakinany 

2 hours) 

11 11 
(ifused as an 

anesthetic) 

137 
(all other uses) 

Note: TWA = time-weighted average concentration for a normal g-hour workday and a 40-hour 
workweek to which nearly all workers may be exposed on a daily basis without 
adverse effect. 

STEL = short-term exposure limit; 15minute (unless otherwise specified) TWA exposure 
that should not be exceeded at any time during a workday even if the g-hour TWA 
is not exceeded. 

CL = ceiling level; unless otherwise specified, the concentration that should not be 
exceeded at any time during a workday. 

c = designates that this chemical is regulated as a potential carcinogen. 

Source: ESE. . 
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Table 4. Ambient Water Quality Criteria 

Acute 45,000 zoo0 

chronic 21,900 -- 

Note: -- = not available. 

Source: ESE. 
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Vinyl Chloride 

VINYL CXLORIDE 
(CAS No. 75-01-4) 

INTRODUCTION 

Approximately 96 percent of the vinyl chloride (also known as chloroethene) produced in the 
U.S. is used in the production of polyvinyl chloride (PVC) and other vinyl polymers (ORNL, 
1989). The remaining 4 percent is used in the synthesis of l,l,l-trichloroethane. While PVC is 
used throughout most industries, the plumbing and electrical industries account for the largest 
portion of the PVC used today. Another large user of PVC is the food industry where PVC is 
used in plasticized film, bottles, and bottle-cap liners and gaskets; it has been banned from use 
with alcoholic beverages because of the migration of the vinyl chloride monomer into the alcohol 
(ORNL, 1989). 

Based on its high water solubility of 1,100 mg/L at 20°C and its low soil sorption coefficient 

(KJ value of 8.2, vinyl chloride is expected to be highly mobile in the soil/groundwater system 
with little or no retardation in subsurface or sandy soil (ORNL, 1989). With a reported vapor 
pressure of 2,300 torr at 2O”C, vinyl chloride is extremely volatile, and movement through the 
air-filled pores of the near-surface soils is a major transport pathway (ORNL, 1989). Based on an 
equilibrium partitioning model, approximately 97 percent of the compound present in the 
unsaturated near-surface soil at 2°C will be partitioned to the soil-air compartment, with about 2 
percent adsorbed to the soil and about 1 percent present in the soil-water compartment (ORNL, 
1989). In the saturated deep soil where soil organic carbon and soil air are negligible, about 
97 percent is expected to be present in the soil-water compartment, with the remaining 3 percent 
sorbed to the soil (ORNL, 1989). Soil half-lives of 0.2 and 0.5 day were reported when vinyl 

chloride was incorporated to a depth of 1 and 10 cm, respectively (ORNL, 1989). 

Degradation in the soil is limited; vinyl chloride is resistant to biodegradation in aerobic systems. 
Following exposure to methanogenic microorganisms in sand, vinyl chloride was 50- and lOO- 
percent degraded within 4 and 11 weeks, respectively, under laboratory conditions; these 
degradation rates were reduced to 20 and 55 percent, respectively, in the absence of sand (ORNL, 

1989). In water, a half-life of 0.805 hour is estimated for a river 1 m deep flowing at 3 m/set 
and with a wind velocity of 3 m/set in the air immediately above the river. In water, no 
photodegradation was observed after 90 hours, but in the presence of free radicals or of 
sensitizers that are found in sediments, degradation may occur rapidly (ORNL, 1989). In the 
atmosphere, vinyl chloride exists primarily in the vapor phase. Any gas-phase vinyl chloride will 
degrade rapidly as a result of reacting with photochemically produced hydroxyl radicals; the half- 
life is estimated to be 1.5 days (HSDB, 1991). In the presence of nitrogen oxides, its reactivity is 
even greater, leading to an estimated half-life of 3 to 7 hours (HSDB, 1991). 
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HUMANHEALTH EFFECTS 

Noncarcinoeenic Effects 

EPA has not yet reviewed vinyl chloride with the purpose of deriving oral and inhalation 

reference doses (RfDs) (IRIS, 1996; EPA, 1995). However, the Agency for Toxic Substances 
and Disease Registry (ATSDR) does provide a chronic oral minimal risk level (MRL) of 
0.0013 mg/kg/day (1989). This MRL is based on a lifetime dietary study in rats by Til et al, 
(1983) in which hepatotoxicity was observed with a NOAEL of 0.13 mg/kg/day and incorporates 
an uncertainty factor of 100 (10 for animal-to-human extrapolation and 10 for sensitive human 
subpopulations). 

Following acute inhalation exposure, vinyl chloride causes CNS depression (HSDB, 1996). An 
acute exposure level of 1,000 ppm represents the minimum exposure level at which symptoms, 
including drowsiness, slight visual disturbances, faltering gait, numbness, and a tingling of the 
extremities, are reported (HSDB, 1996). No clinical disturbances in humans were reported 
following a 7-hour exposure to a concentration of 500 ppm (ORNL, 1989). 

Little acute exposure data are available regarding experimental animals; the 2-hour LC, for mice 
and rabbits is 113,000 ppm, 150,000 ppm for rats, and 230,000 ppm for guinea pigs (ORNL, 
1989). All three species died as a result of narcosis within 30 minutes of exposure to 300,000 
ppm; pulmonary edema was noted, but liver and kidney injuries were low (ORNL, 1989). 

In addition to the carcinogenic effects of chronic exposure, a decreased number of platelets in the 
blood, an enlarged spleen, and decreased pulmonary function were reported (ORNL, 1989). 
Another less frequent effect in humans is a condition known as acroosteolysis, a disease of the 
hand identified with workers in the vinyl chloride industry. In this disease, growths are found on 
the hand, the fingers swell and shorten to become club-like, and the individual develops 
Raynaud’s phenomenon, which is a vasomotor disturbance often characterized by acute pain in the 
fingers that is aggravated by cold (HSDB, 1996). Other long-term effects include hepatic damage 
as a result of interference with essential pathways, potentially leading to cytotoxic (necrosis or 
steatosis) and/or cholestatic (biliary stasis) injuries (HSDB, 1996). 

Carcinopenicitv 

Carcinogenic slope factors (CSFs) and supporting information are summarized in Table 1. 
Having reviewed the carcinogenicity of vinyl chloride, EPA has classified it as a group A ((known 
human) carcinogen by both the inhalation and ingestion routes (EPA, 1995). This classification 
indicates that sufftcient evidence exists of carcinogenicity in humans. An oral CSF of 1.9 

(mg/kg/day)-’ has been derived from a study in which rats exposed to dietary levels of 10 to 

50 mg/kg evidenced lung carcinomas (EPA, 1995). An inhalation CSF of 
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0.3 (mg/kg/day)-’ was derived from a l-year study in which experimental animals, including 
several rat strains, were exposed 5 days/week for 1 year to airborne vinyl chloride concentrations 
that ranged from 1 to 30,000 ppm and to oral doses of 0.03 to 50 mg/kg/day (USAF, 1990; EPA, 
1995). The primary effect following inhalation exposure was the formation of liver 
angiosarcomas, although a wide range of neoplasms were also identified in the kidneys, brain, 
skin, and the zymbai gland (ORNL, 1989). 

Within a group of humans who worked for at least a year in positions involving probable 
exposure to vinyl chloride, a significant excess of malignant neoplasms of the brain and other 

areas of the CNS was reported (HSDB, 1996). While hepatic carcinomas have also been 
associated with exposure to vinyl chloride, the evidence of respiratory tract and digestive tract 
carcinomas is inconclusive but suggests that vinyl chloride is the causative agent (HSDB, 1996). 
Carcinogenic effects have also been observed in human fetuses following maternal exposure 
(ORNL, IS@). In mice and rats, air concentrations as low as 50 ppm have led to liver 
angiosarcomas as well as other forms of cancer (HSDB, 1996). 

With respect to the listed CSFs, EPA (1995) states the following: 
“The most recently reviewed quantitative toxicity values listed here (Table 1) appear 
in EPA documents published in 1984 and 1985. Use of the values on an interim 
basis was validated by the Carcinogen Risk Assessment Verification Endeavor 
(CRAVE) (04/05/90). The Agency is aware that these values do not incorporate 
considerable information that is now available. The Office of Health and 
Environmental Assessment’s position is that these toxicity values do not reflect state- 
of-the-art science for vinyl chloride. EPA now has individual animal data, not 
available when the oral unit risk was calculated, that may influence this value. 
Additional information that may be factored into a revised quantitative toxicity value 
includes data on increased sensitivity observed in young animals and data on 
metabolism/ pharmacokinetics. A unit risk for air that considers information on 
young age exposure increases the risk (i.e., lowers the risk-specific dose) by at l&at 
3-fold. The consideration of metabolism/ pharmacokinetics will further increase the 
risk. One unpublished physiologically-based pharmacokinetic model prediction 
results in a 100-fold increased risk.” 

Mutapenicitv 

Chromosomal aberrations have been reported in workers occupationally exposed to vinyl chloride, 
with the most significant abnormalities associated with the highest exposures (HSDB, 1996; 
ORNL, 1989). Exposures to concentrations below 15 ppm are not expected to result in 
aberrations (ORNL, 1989). 

No mutagenic effects were observed in male mice exposed for 5 days to levels as high as 
30,000 ppm. Cells evidenced some mutations (HSDB, 1996) when incubated with liver 

supematant from phenobarbital-pretreated rats, which acts as an activator. Mutations were 
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observed in several SaZmonelZa strains and other bacteria, including Escherichia coli strains 
(ORNL, 1989). It was also mutagenic in the recessive lethal test using Drosophila melarwgaster 

but not in tests of translocations or sex-chromosome loss. 

TeratoPenicitv/Reoroductive Effects 

While an increased number of birth defects, including CNS defects, deformities of the upper 
alimentary and genital tracts, and clubfoot, are associated with exposure to vinyl chloride, the 
evidence is still unable to show a definitive cause-and-effect relationship (ORNL, 1989; HSDB, 
1996). In experimental animals, female mice, rats, and rabbits exposed to levels as high as 2,500 
ppm during gestation did not evidence gross teratogenic effects; however, an increase occurred in 
minor skeletal abnormalities at 500 ppm and higher levels (ORNL, 1989). In a Russian study, 
pregnant rats exposed continuously to a mean daily concentration of 6.15 mg/m3 (2.40 ppm) 
during gestation evidenced embryotoxic and teratogenic effects as manifested by elevated total 
embryo& mortality, lowered fetal weight, and the induction of external and internal anomalies in 
fetal development (HSDB, 1996). A value of 10 mg/m’ (3.9 ppm) was determined to be the 
threshold value. 

Ungvary et al. (1978) exposed rats to 1500 ppm vinyl chloride during pregnancy and observed 
increased fetal mortality but no malformations. Salnikova and Kitsovskaya (1980) exposed Wistar 
rats to 4.8 mg/m’ vinyl chloride during the entire gestation by inhalation. An alteration of blood 
vessel permeability, nervous system functional disturbance, and other abnormalities in offspring 

were found. A dose of 35.3 mg/m3 produced a slight embryotoxic effect. 

ECOTOXICITY 

Aauatic Orpanisms 

Information concerning toxicity of vinyl chloride to aquatic organisms is sparse. When bacterial 
populations were exposed to levels as high as 900,000 pg/L, no effect was reported, indicating 
that vinyl chloride is not toxic to bacteria at that concentration (EPA, 1980). 

Terrestrial Organisms 

No information was identified in the available literature regarding the toxicity of vinyl chloride to 
vegetation, livestock, or terrestrial wildlife. 

STANDARDS AND CRITERIA 

Human ReceDtors 

A summary of drinking water standards and criteria is presented as Table 2. Due to the ranking 
of vinyl chloride as a Group A human carcinogen, EPA has set a nonenforceable Maximum 
Contaminant Level Goal (MCLG) for drinking water of zero pg/L and a Maximum Contaminant 
Level (MCL) of 2 pg/L, which is enforceable for public water supplies. Also due to its 
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carcinogenic ranking, the EPA ambient water quality criterion (AWQC) for the protection of 
human health should be zero pg/L. However, zero may not be attainable with present 
technology; therefore, the recommended AWQC for the 10e5 to the 10’ risk levels range from 20 

to 0.2 pg/L for consumption of contaminated drinking water and aquatic organisms (IRIS, 1996). 
For consumption of aquatic organisms only, the recommended AWQC for the 10” to the 10’ risk 
levels range from 525 to 5.25 pg/L, respectively (IRIS, 1996). These AWQC would yield values 
for human consumption of water alone (W) of 20, 2, and 0.2 pg/L for lo”, 10s6, and 10’ risks, 
respectively, based on the following equation: 

1 1 1 -=-+- 
W+F w F 

Although vinyl chloride has been designated as a hazardous air pollutant under Section 112 of the 
Clean Air Act (40 CFR 61.01; (7/l/88), no national ambient air quality standards (NAAQS) have 
been developed for this chemical. However, the Occupational Safety and Health Administration 
(OSHA) has promulgated enforceable permissible exposure limits (PELs) for worker exposure 
(NIOSH, 1996). In addition, the National Institute of Occupational Safety and Health (NIOSH) 
and the American Conference of Governmental Industrial Hygienists (ACGIH) have developed 
nonenforceable recommended exposure levels (RELs) and threshold limit values ~VS), 
respectively (NIOSH, 1996; ACGIH, 1995). These values are presented in Table 3. 

Ecolo&aI Receptors 
No AWQCs have been developed for the protection of freshwater or marine organisms against 
exposure to vinyl chloride, and the lowest levels observed to have an effect (LOELs) on aquatic 
species have not been determined (EPA, 1987). 
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Table 1. Carcinogenic Slope Factors and Potential Carcinogenic Effects 

.j,.,.:: :: : 3: j :: : :::,:: .; :. :: ,:. ‘, : .;. 

Old 

Inhalation 

Note: A = known human carcinogen (adequate evidence of carcinogenicity in human 
epidemiolqgical studies). 

‘Inhalation CSF based on an inhalation unit risk of 8.4 x 10J @g/m’).’ (EPA, 1995) and assumes that a 
healthy 704cilogram adult inhales 20 ma/day of air. 

Source: ESE. 
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Table 2. Human Regulatory Criteria bg/L) 

Vinyl chloride 

Note: SDWA = EPA Safe Drinking Water Act. 
MCL = maximum contaminant level. 

MCLG = maximum contaminant level goal. 
AWQC = EPA ambient water quality criteria. 

-- = no value available. 

‘Carcinogenic; value represents 10’ cancer risk. 
b Value is base<l on the following formula: 

1 1 1 -I-+- 
W+F W F 
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Table 3. Air Quality Standards 

2.6 c c 13 c 

__ 

13 (15 mm.) 
I 

-_ 
I 

Note: TWA = time-weighted average concentration for a normal S-hour workday and a 40-hour 
workweek to which nearly all workers may be exposed on a daily basis without 
adverse effect. 

STEL = short-term exposure limit; 15minute (unless otherwise specified) TWA exposure that 
should not be exceeded at any time during a workday even if the g-hour TWA is not 
exceeded. 

CL = ceiling level; unless otherwise specified, the concentration that should not be exceeded 
at any time during a work&y. 

C = designates that this chemical is regulated as a potential carcinogen. 

Source: ESE. 
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Determination of ARARs 

Determination of the extent to which federal, state, or local public health and environmental 
standards are applicable or relevant and appropriate to a site is required by the NCP. 

Applicable requirements are those federal and state requirements that would be legally 
applicable to the response action if that action were not taken pursuant to Sections 104 or 106 
of CERCLA. Relevant and appropriate requirements are those federal or state requirements 
that, while not applicable, are designed to apply to problems sufficiently similar to those 
encountered at CERCLA sites that their application is appropriate. Relevant and appropriate 
requirements are intended to have the same weight as applicable requirements. EPA has also 
indicated that other “to be considered” federal and state criteria, advisories, and guidelines be 
considered during the development of alternatives. Examples of such criteria include ECPA 
Drinking Water-Health Advisories, VDEQ guidelines for the disposal of petroleum- 
contaminated soil, carcinogenic potency factors, and references doses. 

Three categories for ARARs are as follows: 

l Contaminant-Specific. These ARARs may be actual concentration-based cleanup 
levels or provide the basis for calculating such levels. At the QADSY site, 
groundwater and surface soil were identified as being contaminated. VDEQ Water 
Quality Standards for groundwater are considered ARARs. However, when no 
chemical-specific groundwater standards are available, VDEQ Water Quality Standards 
for surface water (protection of human health, non-public water supplies) are 
considered ARARs because VDOH groundwater restrictions are in place for the 
aquifer, no known drinking water wells are located in the aquifer in the area, the 
aquifer is not considered potable, and the groundwater appears to be discharging to 
surface water (non-public water supply). VDEQ guidelines for the disposal of 
petroleum-contaminated soil are considered ARARs for the surface soil. 

l Location-Specific. These AR4Rs are based on the site’s location and impact on 
human health and the environment. These ARARs place restrictions on the 
concentration of hazardous substances and conduct of activities due to the site’s 
specific location. Examples of special locations include floodplains, wetlands, historic 
places, and sensitive ecosystems or habitats. 

l Action-Specific. These ARARs are technology- or activity-based requirements Ion 
actions taken with respect to hazardous wastes. These ARARs are determined by the 
particular remedial activities selected to accomplish a remedy. 
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Chemical-Specific ARARs 

Table O-l lists all contaminants exceeding enforceable federal and state ARARs for 
groundwater and surface soil. 

The chemical-specific ARARs were selected on the following grounds: 

l The impacted aquifer is not used for drinking water in the vicinity of the site 
l No drinking water wells could potentially be affected by site contamination 
l Groundwater discharges to a non-public water supply surface water body 

Resulting from a Restoration Advisory Board (RAB) Meeting on 18 December 1992, VDEQ 
Waste Management department commented that “MCLs for organics are also valid to use in 
assessing groundwater quality and the risks to human health that the site might pose.” The 
comment referred to a concern that the Yorktown aquifer could have been impacted by site 
contamination and suggested consulting with Gene Siudyla of the VDEQ’s Tidewater office. 

Additional data were collected from the site and analyzed following the TRC meeting, and a 
discussion with Mr. Siudyla occurred on 14 April 1993; the following conclusions resulted. 
In general, the Yorktown does not exhibit the productivity necessary for drinking water wells 
in the vicinity of the site. In the Norfolk area, the materials are commonly silty sands, sandy 
silts, shell fragments, and clays with low permeabilities and low hydraulic conductivities. The 
Yorktown aquifer is only used for industrial purposes and lawn watering in the general 
vicinity, not for drinking water. 

The lowermost leading edge of the contaminant plume was detected during the hydropunch 
investigation and appears to attenuate around 65 feet below the surface. Groundwater 
modeling at that level indicates that the aquifer discharges to the Elizabeth River and 
Willoughby Bay, and groundwater flows in the direction of those surface water bodies. 
Additionally, no known drinking water wells are located downgradient of the site (i.e., in the 
Elizabeth River or Willoughby Bay); therefore, no drinking water wells should be impacted 
by site contamination. Neither Elizabeth River or Willoughby Bay is used for drinking water 
because the surface water bodies are brackish. 

Because groundwater discharges to the local surface water, the impact of groundwater quality 
on surface water is a valid consideration at the site. As a result, the risk-based RGOs are 
used as ARARs to assess the risks to human health and the environment. 

MCLs are not considered valid as AlURs mainly because the aquifer: 

l Yorktown becomes brackish with depth adjacent to surface water bodies (e.g., 
Elizabeth River and Willoughby Bay) and is not suitable for consumption; 

l City of NO&& prohibits the use of the water table aquifer for potable purposes by 
law; and 
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l Columbia and Yorktown aquifers comprise the water table aquifer because no 
confining layer exists at the site. 

RGOs calculated from the RA are relevant and appropriate because of the following: 

l No VDEQ groundwater standards exist for TCE and PCE. 

l The groundwater model determines groundwater discharges into the Elizabeth River, 
hence no downgradient receptors. 

The QADSY was created by a fill operation as a disposal area for dredged materials 
excavated from the James River, Elizabeth River, and/or Willoughby Bay in the early 1950’s. 
The dredged material has been recognized to contain elevated levels of IOCs contamin.ation. 
There are no records where the dredged material came from or may be from numerous 
sources. 

Background soil data was collected at a upgradient located adjacent to Bausch Creek. 
Background soil data indicated IOC data was within a order of magnitude from the highest 
concentration measured during the RI. The IOC impacted soil will be too complex to 
delineate because of the unknown source or sources of the dredged material. 

No action for soil is relevant and appropriate at the QADSY because of the following 

l IOCs contamination appears to be inherited from the dredged material. 

l The QADSY is not conducive to an ecological environment because the site is 
highly industrial area which is mostly a paved parking lot. 

l The future plans of the unpaved QADSY area will be paved and subsequently 
terminating this ecologic risk pathway. 

Location-Specific ARARs 

The QADSY site currently has no potential location-specific ARARs. The site is not: 

l A wetland 
l Within a floodplain 
l Within a coastal zone as designated by the Commonwealth of Virginia 
l Within an area affecting national wild, scenic, or recreational rivers 
l Within environmentally significant agricultural lands 

. 

in a 

l A critical habitat area upon which federally designated endangered or threatened 
species depend 

l On property included in or eligible for the National Register of Historic Places 
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Accordingly, Executive Orders 11988 and 11990, the Coastal Zone Management Act, the 
Wild and Scenic Rivers Act, the Farmland Protection Policy Act, the Endangered Species Act, 
and National Historic Preservation Act are not considered ARARs for the QADSY. 

Action-Specific ARARs 

These ARARs represent standards that limit or restrict specific activities associated with the 
implementation of a given remedial alternative. Table O-2 lists the ARARs applicable to a 
particular action and the requirements associated with the ARARs, and Table O-3 lists the to 
be considered requirements. 



NA = Not Analyzed 
BRGOs = Below RGOs 

Table O-l. Groundwater and Surface Soil Contaminants Exceeding 
Standards and Guidelines 
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Tetrachioroethene (PCE) 452 4800 BRGOs 59.6 BRGOs 

Trichloroethene (TCE) 1371 560 BRGOs 48.9 BRGOs 

1,l -Dichloroethene (DCE) NA 140 BRGOs 0.38 BRGOs 

Carbon Tetrachloride NA 120 BRGOs 2.7 BRGOs 

Vinyl Chloride NA 34 BRGOs 0.077 BRGOs 

Chiorofon NA 4700 BRGOs 11.1 BRGOs 



Safe Drinking Water Act (42 USC 300(f) 
a. Maximum Contaminant Levels 

ww 
40 CFR 141.11-141.16 

b. Maximum Contaminant Level Goals 
(MCLGs) 

40 CFR 141-50-141.51 

The Endangered Species Act of 1973 
(16 USC 1531) (40 CFR Part 502) 

Coastal Zone Management Act 
(16 USC 3501) 

National Historic Preservation Act 
(32 CFR Parts 229 and 229.4; 
43 CFR Parts 107 and 171.1-5) 

Executive Order 11988 
(Related to Floodplain Management) 

DOT Rules for Hazardous Materials Transport 
(40 CFR Parts 107 and 171.1-500) 

TABLE O-2 

APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS (ARARs) 
Q-AREA DRUM STORAGE YARD 
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Standards for protection of drinking water sources 
serving at least 25 persons. MCLs consider health 
factors, as well as economic and technical 
feasibility of removing a contaminant; MCLGs do 
not consider the technical feasibility of 
contaminant removal. For a given contaminant, 
the more stringent of MCLs or MCLGs is 
applicable unless the MCLG is zero, in which 
case the MCL applies. 

Requires Action to conserve endangered and 
threatened species and their critical habitats. 

Conduct activities in a manner consistent with 
approved State management programs. 

Develops procedures for the protection of 
archaeological resources. 

Regulates activities located in a floodplain must 
comply with this Executive Order. Federal 
activities in floodplains must reduce the risk of 
flood loss, minimize the impact of floods on 
human safety, health and welfare, and preserve 
the natural environment served by floodplains. 

Regulates the transport of hazardous waste 
materials including packaging, shipping and 
placarding. 

Not applicable or relevant and appropriate because 
the water table aquifer is not used for potable 
consumption. 

Not applicable or relevant and appropriate 

Not applicable or relevant and appropriate. 

Not applicable or relevant and appropriate. 

Not applicable or relevant and appropriate. 

MCLs are not ARARs due to the following: I) 
City of Norfolk prohibits the use of the water 
table aquifer; 2) The Columbia and Yorktown 
aquifers comprise the water table aquifer because 
no confining layer exists at the site; and 3) 
Yorktown becomes brackish with depth ad.jaccnt 
to surface water bodies (e.g., Elizabeth River and 
Willoughby bay) and is not suitable for 
consumption. 

Peregrine falcons have been seen on base; 
however, they been seen over one mile from 11~ 
QADSY. There are no wetlands within 0.25 
mile from the site. 

QADSY is not within a coastal zone designated 
by the Commonwealth of Virginia 

Not applicable or relevant and appropriate 

QADSY is not on property included in or eligible 
for the National Register of Historic Places. 
Additionally, Sewalls point was created by a till 
operation from dredge materials from 
Willoughby Bay. 

QADSY is not within a lloodplain 

Remedial actions does not include offsite soil 
disposal. 



Resource Conservation and Recovery Act Regulates the treatment, storage, and disposal of 
(RCRA) Subtitle C hazardous waste. 

Identification and Listing of Hazardous 
Waste (40 CFR Part 261) 

Regulations concerning determination of whether 
or not a waste is hazardous based on 
characteristics or listing. 

Applicable in determining waste classification. 

Treatment, Storage, and Disposal (TSD) of Regulates the treatment, storage, and disposal of Applicable in the event that wastes on site are 
Hazardous Waste hazardous waste. classified as hazardous. 
140 CFR Parts 262-265.2661 

Manifest Systems, Recordkeeping, and Regulates manifest systems related to hazardous Applicable to remedial actions where hazardous Remedial actions may include off-site disposal OI 
Reporting waste treatment, storage, and disposal. waste is generated or transported. treatment. 

(40 CFR Part 264, Subpart E) 

Releases from Solid Waste Management Regulates releases from solid waste management 

Units (40 CFR Part 264, Subpart F) units. 

Use and Management of Containers (40 CFR Regulates use and management of containers 

Part 264, Subpart I) being stored at all hazardous waste facilities. 

Resource Conservation and Recovery Act Regulates the treatment, storage, and disposal of 

(RCRA) Subtitle D solid waste. 

National Emissions Standards for Hazardous Air 
Pollutants (NESHAP;) (40 CFR Part 61) 

Standards promulgated under the Clean Air Act 
for significant sources of hazardous pollutants, 
such as vinyl chloride, benzene, trichloroethylene, 
dichlorobenzene, asbestos, and other hazardous 
substances. Considered for any source that has 
the potential to emit 10 tons of any hazardous air 
pollutant or 25 tons of a combination of 
hazardous air pollutants per year. 

Applicable to remedial actions involving 
treatment, storage, or disposal of hazardous 
wastes. 

Groundwater treatment activities related to 
hazardous waste will comply with regulations 

Not applicable or relevant and appropriate. Does not meet the definition of A SWMU. 

Not applicable or relevant and appropriate. No containerized wastes are onsite. Remedial 
actions will not generate containerized wastes. 

Not applicable or relevant and appropriate. Remediation actions do not include treatment, 
storage, or disposal of solid waste. 

Applicable to potential releases of hazardous 
pollutants. Remedial actions (e.g. air stripping) 
may result in releasing hazardous air pollutants. 
Treatment design will include air emissions 
control equipment as required to comply with 
NESHAPs. 

Comments 

Remediation may involve disposal of hazardous 
wastes 

Some site contaminants are considered listed 
wastes. 

Air emissions from the trcatmcnt facility will not 
exceed air emission standards during the remedial 
design. 



Surface water quality standards based on water Applicable to remedial actions requiring discharge 
use and criteria class of surface water. to surface water. 

Established groundwater standards for State 
Antidegradation policy. 

Not applicable or relevant and appropriate. 

Primary and secondary air quality standards for 
particulate matter, sulfur oxides, carbon 
monoxide, nitrogen dioxide, and lead. 

Applicable for remedial actions requiring 
discharge to the atmosphere. 

Established acceptable limits for toxic pollutants 
by applying a l/40 correction factor to the 
occuoational standard Threshold Limit Value- 

Applicable for remedial actions requiring 
discharge to the atmosphere. 

Comments 

- 
Effluent water from the treatment facility will be 
below VDEQ surface water standards. 

Virginia Waster Quality Standards 
NR 680-21-00) 

Groundwater concentrations are below the VIXQ 
grouudwater standards. 

Virginia Groundwater Standard (VR 680-21-04.3) 

Monitoring of air emissions from the treatment 
technology will comply with VAQS requirements 

Remedial design will determine air emissions 
from the treatment technology will not exceed 
emission standards. 

Virginia Ambient Air Quality Standards (VAQS) 
(VR 120-03-01) 

Virginia Emission Standards for Toxic Pollutants 
(VR 120-01) 

Ceiling (TLV-Ceiling). 

VPDES permit requirements will determine 
discharge limits of treated water to surface water. 

Regulated point-source discharges through the 
VPDES permitting program. Permit requirements 
include compliance with corresponding water 
quality standards, establishment of a discharge 
monitoring system,a nd completion of regular 
discharge monitoring records. 
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Applicable to remedial actions requiring treated 
water discharge to surface water. 

Virginia Pollution Discharge Elimination System 
(VPDES (VR 680-14-01) Regulation and Virginia 
Water Protection Permit Regulations (VR 680-l 5- 

01) 

I . 
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Regulates the disposal of solid wastes. No solid wastes to be removed from the 
QADSY. 

Remedial action may include off-site disposal 
treatment. 

Virginia Solid Waste Management Regulations 
(VR 672-20-101 

Not applicable or relevant and appropriate. 

Applicable to remedial action requiring off-site 
transportation of hazardous materials. 

Virginia Hazardous Waste Regulations (VR 72- 
30-1 and VR 672-10-I, Part VII) 

Regulates the transport of hazardous waste 
materials including packaging, shipping, and 
placarding. 

Virginia Hazardous Waste Management 
Regulations (VR 672-10-l) 

Remedial action may include treatment, storage, 
or disposal of hazardous wastes. 

Regulates the treatment, storage, and disposal of 
hazardous waste. 

Applicable to remediation systems involving 
treatment, storage, or disposal of hazardous 
wastes. 

Applicable to determining waste classification. Some of the contaminants are considered listed 
wastes. 

Regulations concerning determination of whether 
or not a waste is hazardous based on 
characteristics or listing. 

Identification and Listing of Hazardous 
Waste (VR 672-10-1, Part III) 

Applicable to hazardous wastes is generated or 
transported during remgdiation. 

Off-site disposal may be included during 
remedial actions. 

Manifest Systems, Recordkeeping, and 
Reporting (VR 672-10-1, Part X, Section 
10.4) 

Regulates manifest systems related to hazardous 
waste treatment, storage, and disposal. 

Regulates releases from solid waste management 
units. 

Releases from Solid Waste Management 
Units (VR 672-10, Part X, Section 10.5) 

Not applicable or relevant and appropriate. 

Applicable to containers stored onsite. 

Does not meet the definition of A SWMIJ.. 

Containerized wastes may be generated during 
remediation. 

Use and Management of Containers (VR 
672-10, Part X, Section 10.8) 

Regulates use and management of containers 
being stored at all hazardous waste facilities. 



Virginia Stormwater Management Regulations 
(VR 215-02-00) and Virginia Erosion and 
Sediment Control Regulations (VR 625-02-00) 

Virginia Endangered Species Act (Code of 
Virginia 29.1-563) 

Virginia Wetlands Regulations (VR 450-01-0051) 

Chesapeake Bay Preservation Area Designation 
and Management Regulations (VR 173-02-01) 

Coastal Management Plan - City of Norfolk 

Regulates stormwater management and erosion/ 
sedimentation control practices that must be 
followed during land disturbing activities. 

Requires action to conserve endangered and 
threatened species and their critical habitats. 

Regulates activities that impact tidal wetlands. 

Sets limitations in certain tidal and wetland areas 
for land-disturbing activities, removal of 
vegetation, use of impervious cover, E&S control, 
stormwater management, etc. 

Activities within a Coastal Management Zone 
must be in comoliance with local requirements. 

Applicable for remedial actions involving land 
disturbing activities. 

Not applicable or relevant and appropriate. 

Not applicable or relevant and appropriate 

Not applicable or relevant and appropriate. 

Not applicable or relevant and appropriate. 

Compeyts 

Construction activities will comply to the 
Virginia Storm Water Management Plan. 

Peregrine falcons have been seen on base; 
however, they been seen over one mile from the 
QADSY. There are no wetlands within 0.25 
mile from the site. 

There are no wetlands within 0.25 mile from the 
site. 

There are no wetlands within 0.25 mile from the 
site. 

QADSY is not located within a Coastal 
Management Zone. 

‘ z 



TABLE O-3 

TO BE CONSIDERED (TBC) REQUIREMENTS 

Reference Doses (RfDs), EPA Office of Research 
and Development 

Carcinogenic Potency Factors, EPA 
Environmental Criteria and Assessment Office; 
EPA Carcinogen Assessment Group 

Health Advisories, EPA Office of Drinking Water 

RCRA Subtitle C Landfills (40 CFR Part 264, 
Subpart N) 

Groundwater Protection Strategy 

National Ambient Air Quality Standards 
(NAAQS) (40 CFR 50) 

Control if Au Emissions from Superfund Air 
Strippers at Superfund Ground Water Sites 
(OSWER Directive 9355.0-28) 

Presents non-enforceable toxicity data for specific 
chemicals for use in public health assessments to 
characterize risks due to exposure to 
contaminants. 

Presents non-enforceable toxicity data for specific 
chemicals for use in public health assessments to 
compute the individual incremental cancer risk 
resulting from exposure to carcinogens. 

Non-enforceable guidelines for chemicals that 
may intermittently be encountered in public water 
supply systems. Available for short- or long-term 
exposure for a child and/or adult. 

Regulates owners and operators of facilities that 
dispose hazardous wastes in landfills. 

EPA policy to protect groundwater for its highest 
present or potential beneficial use. The strategy 
designates three categories of groundwater: 
Class 1 - Special Ground Waters 
Class 2 - Current and Potential Sources of 

Drinking Water and Waters Having 
Other Beneficial Uses 

Class 3 - Groundwater Not a Potential Source of 
Drinking Water and of Limited 
Beneficial Use 

Standards for the following six criteria pollutants: 
particulate matter; sulfur dioxide; carbon 
monoxide; ozone; nitrogen dioxide; and lead. The 
attainment and maintenance of these standards are 
required to protect the public health and welfare. 

Guidance that establishes criteria as to whether air 
emission controls are necessary for air strippers. 
A maximum 3 IbsIhr or I5 Ibs/day or 10 tons&r 
of VOC emissions is allowable; air pollution 
controls are recommended for any emissions in 
excess of these quantities. 

TBC requirement for the public health assessment. 

I 

The quantitative risk assessment (RA) evaluated 
human health risks. 

TBC requirement for the public health assessment. The quantitative risk assessment (RA) evaluated 
human health risks. 

I 
TFK requirement for the public health assessment. 

I 
. . . 
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TBC to evaluate compliance of off-site landfills. 

TBC requirement 

The quantitative risk assessment (RA) evaluated 
human health risks. 

TBC requirements for remedial actions that 
discharge into to the atposphere. The treatment 
system will include equipment to control air 
emissions to comply with NAAQS. 

TBC requirement 

TBC for remedial actions will not involve 
disposal at off-site landfills. 

I 1 

I 
Ciroundwatcr in Ihc waler table aquiltir consist5 
OK ihe Columbia and Yorhtown aquifers at the 
QADSY and is considered as Class 3. 

Remedial actions will include monitoring air 
emissions from the treatment system with 
NAAQS requirements. 

TBC if the remedial action includes air stripping. 



II 
RCRA Subtitle C Landfills (VR 672-10, Part X, 

I 

Regulates owners and operators of facilities that TBC to evaluate compliance of off-site landfills. 
I 

TBC for remedial actions will not involve 
section 10.13) dispose hazardous wastes in landfills. disposal at off-site landfills. II 
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GROUNDWATER 
VOLUME CALCULATIONS 
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Calculation for Water Volume to be Treated at QADSY 
(See Figure 1 l-l for dimensions used.) 

l Volume of plume requiring treatment 

Elizabeth River Site QADSY Site 

641,119 square feet (sf) 
(depth of plume, as measured in Hydro- 
punch HP- 11 and HP- 15) approximately 
35 feet 

146,014 sf 
(depth of plume, as measured in 
SW-2) approximately 25 feet 

= 22,439,165 cubic feet (cf) = 3,650,350 cf 

Total Volume = 22,439,165 cf + 3,650,350 cf = 26,089,515 cf 

l Porosity @ 30% (Freeze & Cherry) 

Volume of water = 7,826,855 cf 

l Estimate 5 volumes to reduce levels to within remedial action goals 

= 39,000,000 cf 

@ 7.48 gallons/p 

= 291,720,OOO gallons 

l Run air stripper @ 15 gallons per minute (gpm) 

= 13,506 days or 36 ye&s 

l Run air stripper @ 10 gpm 

= 20,258 days or 56 years 

l Run air stripper @ 40 gpm 

= 5065 days or 14 years 

Faster extraction and treatment takes less time. 

Depth required for extraction wells = 45 feet. 

P-l 



APPENDIX Q 

COST ESTIMATES OF 
REMEDIAL ALTERNATIVES 



Table Q-1. Cost Estimate for Groundwater Alternative I - No Remedial Action, 
Water Use Restrictions, and Long Term Monitoring 

CAPITAL: 

Direct Cost 

Monitor Well Construction (5 Wells) 

Drilling - 6” OD HSA 

Casing - PVC 4” 

screen - PVC 4” 

Filter Pack - lOO/weight 

Bentonite Pellets 

Surface Pad - Concrete 

Cap - Locking 
Well Development 

Water Tank 

Mobilization 

Decon / Standby 

Indiit cost 

Review Documents (Well Locating) 

Modeling (Well Locating) 

Specifications and Bid Review 

Well Survey 

TOTAL CAPITAL COST 

O&h4 

Annual 

Monitoring (quarterly) 

sampling - Analytical 

’ Sampling-Labor 

Repofi 

Periodic Costa (every 5 years) 

Site Review and Public Health Assmnt. 

PRESENT WORTH (5% over 30 years; 3 A inilationiyr) 

Present Worth Capital 

Present worth Amlual o&h4 

Present Worth Periodic O&M 

Contingencies (15%) 

TOTAL PRESENT WORTH 

205 

137 

68 

50 

504 

20 
5 

14 

5 

1 

1 

40 

120 

80 

20 

FT 

Fr 

Fr 

CF 

LBS 
CT 

EA 

HR 

DAY 

Ls 

Ls 

HR 

HR 

HR 

HR 

EA 

HR 

HR 

HR 

$25.00 

$7.20 

$10.40 

$6.26 

$0.17 

$20.00 

$25.00 
$150.00 

$250.00 

$2,500.00 

%2,ooo.00 

$5,125 
$989 

$704 
$313 

$86 

$400 

$125 

$2,100 

$1,250 

$2,500 

$2,ooo 
Z 

SUB TOTAL $15,591 

$90.00 $3,600 
$90.00 SlO,soo 
$50.00 W,ooO 
$50.00 Sl,ooo 

SUB TOTAL $19,400 

$34,991 

$600.00 $24,000 
$50.00 $2,500 

$50.00 s2,ooo 

SUB TOTAL S28,500 

$75.00 s9,ooo 

SUB TOTAL - s9,ooo 

$34,991 

$694,783 

$39,091 

$115,330 

$884,195 

---- ~-. ___. ..-. _ ._____ __----. - _- -.-- 



Table Q-2. Cost Estimate for Groundwater Alternative 2 - Groundwater Extraction, 

CAPITAL: 

Direct Cost 

Recovery Well Construction (33 Wells) 

Drilling - 10” OD HSA 

casing - PVC 4” 

Screen - Screen 4” 

Filter Pack - lOO/weight 

Bentonite Pellets 

sulfate Pad - concrete 

Submersible Pump - 1.5 HP 

Well Development 

Water Tank 

Mobilization 
Connection to Storm Drain 

Decon / Standby 

Treatment System 

Site Preparation 

Pm-f& Treatmmt Bldg. 

Air Stripping Tower 
Control Panel, Conduit, & Appurt. 

Integrating Controls for Well 

Well Accesories (valves, gauges, etc.) 

Discharge Pump & Appurtenances 

PVC! Force Main (intake) - 8” 

PVC Force Main (diicharge) - 8” 

Air Release Asatxnbly 

Transformer 

Electrical Come&m 

l%i!hiClioe 

Total Direct Cost: 

IIKurect cost 

Review Documem (Well hating) 
Modeling (Well locating) 

Pump Test (Well locating) 

License and Permitting 

Specs & Bid Review 

startup & shakedown cost 

1485 FT 

995 FT 

490 FT 

495 CF 

3300 
132 CF 

33 EA 

131 HR 

37 DAY 

1 Ls 

1 Ls 

1 Ls 

Sub total Recovery Well Construction 

18 AC 

2 BA 

1 EA 

2 EA 

2 Ls 

33 BA 

2 BA 

900 LF 

200 LF 

2 BA 

1 BA 

1 Ls 

500 FT 

Sub Total Treatment System 

$30.00 $44,550 
$7.20 $7,164 

$10.40 $5,097 
$6.26 $3,099 
$0.17 $561 

$20.00 $2,640 

$500.00 $16,500 

$150.00 $19,693 

$50.00 $9,372 

s5,ooo.oo S&o00 
$3,500.00 $3,500 
$2,ooo.00 $2,ooo 

$119,175 

$1,100.00 $19,800 

$30,ooo.00 $6o@Q 
$35$00.00 $35,ooo ,.-. 

$15$00.00 su),ooo 
$8,000.00 S16,ooO 

s100.00 $3,300 
S16,OOO.OO S32,OOO 

S28.00 S25,200 

$28.00 $5,~ 
$1,200.00 s2,400 

$18,000.00 S18,ooO 
s15,ooo.00 s15,ooo 

$60.00 s3woo 

$292,300 
SUB TOTAL $411,475 

S90.00 $3,600 
$90.00 $10,800 

s4,ooo.oo S%m 
$12$00.00 S!2,ooo 

S90.00 $3,600 - 
$5,500.00 s11,m 

SUB TOTAL $45,m 

TOTAL CAPITAL COST $456,475 



Table Q-2 (Continued) 

Labor 

Electricity 

Materials 

2ooo HR $50.00 $100,~ 

12 MNTH $2,162.00 SW944 

12 MNTH $100.00 $1,200 

Monitoring (weekly) 

Sampling - Analytical 

Sampling - Labor 

Repofi 

52 EA 

52 HR 

% HR 

$33.00 $1,716 

$50.00 s2,600 
$50.00 $4,800 

Periodic Costs (every 5 years) 

Site Review and Public Health Assmnt. 120 HR 

SUB TOTAL $136,260 

$75.00 s9,ooo 

PRESENT WORTH (5 % over 15 years; 3 % inflation/yr) 

Preaent Worth Capital 

Present Worth Anmd O&M 

Iksent Worth Periodic O&M 

Contingencies (15 96) 

Eogineering (15%) 

SUB TOTAL s9,ooo 

$456,475 

$1,753,670 

$22,345 
$334,873 

$334,873 

TOTAL PRESENT WORTH $2,90’2,236 

~._.. .--- -.- 



Table Q-3. Cost Estimate for Groundwater Alternative 3 - Groundwater Extraction, 
VOC’s Removal, and Discharge to IWTP 

CAPlTAL: _. 
Direct Cost 

Recovery Well Construction (33 Wells) 

Drilling - 10” OD HSA 

casing - PVC 4” 

screen - PVC 4” 

Filter Pack - lOO/weight 

Bentonite Pellets 

surface Pad - concrete 

Submersible Pump - 1.5 HP 

Well Development 

Water Tank 

Mobilization 

CoMection to WTP 

Decon / Standby 

1485 FT 

995 FT 

490 FT 

495 CF 

3300 LBS 

132 CF 

33 EA 

131 HR 

37 DAY 

1 Ls 

1 Ls 

1 L.s 

Sub total Recovery Well Construction 

$30.00 $44,550 

$7.20 $7,164 

$10.40 $5,097 
$6.26 $3,099 
so. 17 $561 

$20.00 $2,640 
$500.00 $16,500 

$150.00 $19,693 

$250.00 $9,372 

s5,ooo.oo s5,ooo 
$3,500.00 $3,500 

$2,ooo.00 s2,ooo 

-- $119,175 

Treatment System 

Site Preparation 

Prefab Treatment Bldg. 

Air Stripping Tower 

control Panel, Conduit, & Appurt. 

Integrating Controls for Well 

Well Accesories (valves, gauges, etc.) 

Discharge Pump & Appurtenances 

PVC Force Main (intake) - 8” 

PVC Force Main (outlet) - 8” 

Air Release Assembly 

Transformer 

Electric line 

Electrical Counection 

Total Direct Cost: 

Indirect cost 

Review D cxxments (Well locating) 

Modeling (Well locating) 

Pump Test (Well locating) 

License and Permitting 

Specs & Bid Review 

startup & shakedown cost 

18 AC 

2 EA 

1 EA 

2 EA 

2 Ls 

33 EA 

2 EA 

900 LF 

200 LF 

2 EA 

1 Ls 

500 FT 

1 I.23 

Sub Total Treatment System 

$1,100.00 

$30,000.00 

$35,ooo.00 

s15,ooo.00 

S8,000.00 

s100.00 

$16,000.00 

$28.00 

$28.00 

$1,200.00 

Sl8,OOO.OO 

$60.00 

s15,ooo.oo 

SUJ3 TOTAL 

$19,800 

$60,~ 
s35,tnIO 

s30,ooo 

SlW.MO 
$3,300 

S32,ooO 
s25200 

SWJO 

s2,400 
SW330 
s30,ooo 

s15,ooo 
$292,300 

$411,475 

$90.00 $3,600 
$90.00 $10,800 

s4,~.00 $4,OOfJ 
s2,ooo.oo s2,ooo 

$90.00 $3,600 -- 

$5,500.00 s11,ooo 

TOTAL CAPITAL COST 

SUB TOTAL s35,ooo 

$446,475 



Table Q-3 (Continued) 

>- 
,0&M 

Annual 

Labor 

Electricity 

Materials 

lwPT costs 

Monitoring (weekly) 

Sampling - Analytical 

Sampling - Labor 

Report 

Periodic Costs (every 5 years) 

Site Review and Public Health Assmnt. 

2ooo HR 

12 MNTH 

12 MNTH 

121,414 Kid 

52 

52 

96 

120 

EA 

HR 

HR 

HR 

$50.00 $loo,ooo 
$2,162.00 $25,944 

$100.00 $1.2~ 

$1.50 $182,120 

$33.00 $1,716 

$50.00 $2,600 

$50.00 $4,800 

SUB TOTAL $318,380 

$75.00 = $9,ooo 

PRESENT WORTH (5 5% over 15 years; 3 5% inflation/yr) 

Present Worth Capital 

- Present Worth Annual O&M 

Present Worth Periodic O&M 

Contingencies (15 96) 

Enfieering (15 W) 

SUB TOTAL $9,ooo 

$446,475 

$4,097,564 

$22,345 

$684,958 

$684,958 

TOTAL PRESENT WORTH $5,936,299 



Table Q-4. Cost Estimate for Groundwater Alternative 4 - Groundwater Extraction, 

CAPlTAL,: 

Direct Cost 

Recovery Well Construction (33 Wells) 

Drilling - 10” OD HSA 

casing - PVC 4” 

screen - PVC 4” 

Filter Pack - lOO/weight 

Be&mite Pellets 

surface Pad - concrete 

Submersible Pump - 1.5 HP 
Well Development 

Water Tank 

Mobiliz&ion 

Decon / Standby 

1485 FT 
995 FT 
490 FT 

495 CF 

3300 
132 CF 

33 EA 
131 HR 
37 DAY 

1 Ls 
1 Ls 

$30.00 $44,550 
$7.20 $7,164 

$10.40 $5,097 
$6.26 $3,099 
SO.17 $561 

$20.00 $2,640 
s500.00 $16,500 

$150.00 $19,693 
$250.00 $9,372 

s%ooo.oo Ss,~ 
$2,000.00 $2,ooo 

Treatmed System 

Site Preparation 

Pm-fab Treatmed Bldg 

Air Stripping Tower 

Controi Panel, Conduit, & Appurt. 

begrating Contrds for Well 
Well acu3sorh (valves, gaugea, etc.) 

Discharge Pump & Appwhmca 

PVC Force Main (intake) - 8” 

PVC Force Main (outlet) - 8” 

Air Releme Assembly 

Transformer 

Electric line 

Electrical Connection 

Infihtion Gallery (12’xl2’x3’) 

Sub total Recovery Well Construction 

18 AC 

2 EA 
1 EA 

2 EA 
2 Ls 

33 EA 
2 EA 

900 LF 

200 L?F 

2 EA 

1 L!3 

1000 FT 

1 Is 

Sub Total Tredment System 

3 EA 

Sub Total Infiltration Gallery 
Total Direct Cost: 

Indin?& cost 
Review Documed (Well locating) 

Modeling (weu locating) 

Specifications ad Bid Review 

Well Survey 

Biofbasibii analysis 

TOTAL CAF’ITAL COST 

80 HR 
240 HR 

40 HR 

88 l-m 

1 Ls 

$115,675 

$1,100.00 $19,800 

$30,ooo.00 

$35,000.00 

Sl5,OOO.OO 

s8,ooo.oo 
$100.00 

$16,000.00 

$28.00 

$28.00 
$1,200.00 

$18,000.00 

$60.00 
$15,ooo.00 

$60,~ 
$35,000 

$30,~ 
$16,000 

$3,300 

$32,ooO 
$25,200 
$5,~ 
SW00 

S18,ooO 

$60,~ 

s15,ooo 

. 
$322,300 

S6,325.00 $18,975 

$18,975 

SUB TOTAL $456,950 

$90.00 $7,200 
$90.00 s21,m 
S90.00 $3,600 
$50.00 $4,~ 

s10,ooo.00 s10,ooo 
SUBTOTAL ] S46800 

$583,750 
i 



Table Q-4 (Continued) 

. . . . . ,., :.. (. .,. ,. . . . ,. ._ .,. ,.. ,., .,. ., ,.,., .,... ., ,., _. ,.( . . ~ 

O&M 

Anralai 

Labor 

Electricity 

Materials 

Monitoring (weekly) 

Sampling - .baIyticai 

Sampling - Labor 

Report 

Periodic Costs (every 5 years) 

Site Review ad Public Health Assmut. 

PRESENT WORTH (5 % over 15 years; 3 96 inflation/yr) 

Present worth capital 

Present Worth Anmml O&M 

Present Worth Periodic O&M 

Contingencies (15 46) 

Engineering (15%) 

2m HR $50.00 $100,~ 

12 MNTH $2,162.00 $25,944 

12 MNTH $100.00 $1,200 

52 EA $33.00 $1,716 

52 HR $50.00 $2,600 

96 HR $50.00 $4,800 

120 HR 

SUB TOTAL $136,260 

$75.00 w,ooo 

SUB TOTAL $9,ooo 

$503,750 

$1,753,67& 

$22,3 

SW= 

$341,965 

TOTAL PRESENT WORTH $2,%3,6% 



Table Q-5. Cost Estimate for Groundwater Alternative 5 - Air Sparging/ 
Vapor Extraction 

CAPITAL: 

Direct Cost 

Air Iujection/Extraction Well Construction (108 Wells) 

Drilling - 10” OD HSA 

casing - PVC4” 

screen - PVC-4” 

Filter Pack - lOO/weight 

Bentouite Pellets 

Surface Pad - Concrete 

Well Development 

Water Tank 

Mobilization 

3145 FT 

2107 FT 

1038 FT 

1295 CF 

8634 LBS 

345 CF 

432 HR 

123 DAY 

1 Ls 

Sub total Recovery Well Construction 

Treatment System 

Site Preparation 

Pre-fab Treatment Building 

Air compressors 
Vapor Extraction Blower 

Control Panel, Conduit, & Appurt. 

Integrating Controls for Well 

Well accesssories (Valves, gaugqetc) 

Air Dryer/Demister 

Activated Carbon Adsorbers 

PVC Force Main (injection) 8” 

PVC Force Main (extraction) 8” 

Transformer 

Electrical Connection 

Electric Line 

Total Direct Cost: 

Indirect Cost 

Well Locating 

Review Documents 

Modeling 

Specifications and Bid Review 

Well Survey 

18 AC 

1 EA 

1 EA 

1 EA 

2 EA 

2 Ls 

108 EA 

1 EA 

1 Ls 

2970 LF 

2970 LF 

1 Ls 

1 Ls 

1000 LF 

Sub Total Treatment System 

160 HR 

480 HR 

320 HR 

176 HR 

$30.00 $94,350 

$7.20 $15,170 

$10.40 $10,795 

$6.26 $8,107 

$0.17 $1,468 

$20.00 $6,900 

$150.00 $64,800 

$250.00 $30,750 

$29,659.00 $29,659 

.Y 
$261,999 

$l,lOO.OO 

$519,100.00 

$53,300.00 

$2,800.00 

s15,000.00 

$8,000.00 

$100.00 

$2,500.00 

$17,000.00 

$28.00 

$28.00 

$18,000.00 

$15,000.00 

$60.00 

$19,800 

$519,100 

$53,300 --,, 

S2,8a 
S30,~ 

$16,000 
SlO,SoO 

$2,500 
$17,ooo 
$83,160 

$83,160 

Sl8,0(30 
s15,ooo 

W,@JO 

$930,620 

SUB TOTAL $1,192,619 

$50.00 S8,ooO 
$60.00 $28,800 

$50.00 $16,ON--. 

$50.00 S8,8&. 

TOTAL CAPITAL COST 

SUB TOTAL $61,600 

$1,254,219 



O&M 

AMUal 

Labor 

Electricity 

Materials 

Monitoring (weekly) 

Sampling - Analytical 

Sampling - Labor 

Report 

Periodic Costs (every 5 years) 

Site Review and Public Health Assmnt. 

PRESENT WORTH (5 % over 15 years) 

Present Worth Capital 

Present Worth Ammal O&M 

Present Worth Periodic O&M 

Contingencies (15 W) 

TOTAL, PRESENT WORTH 

4160 HR $50.00 $208,000 

12 MNTH $2,700&O $32,400 

12 MNTH $500.00 $6,ooO 

20 EA $600.00 $12,~ 
20 HR $50.00 Sl,ooo 

96 HR $50.00 $4,800 

120 HR 

SUB TOTAL $264,200 

$75.00 s9,ooo 

SUB TOTAL $9,~ 

$x,254,219 

$2,742,306 

$22,346 

$602,831 

$4,621,701 
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